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ABSTRACT

Packard Bell has sticr sfully completed a program that

developed an expendable, airdroppable weather station (the AN/AMQ-27

( ) Meteorological Station, Automatic) for the Air Force Cambridge

Laboratories (AFCRL) under contract number F19628-67-C-0174. The

station grew out of a requirement for meteorological measurements in

hostile or inaccessible areas. Packard Bell investigated this problem and

devised a system that met the program's objectives of cost, reliability and

covertness. The station's deployment vehicle mimics an autogyro when

dropped from an aircraft. The main rotor blades control descent rate,

while a set of counter rotating blades provide vertical stability. Upon

touchdown, the impact spear embeds itself in the earth thereby keeping

the system upright. Since there are no highly mechanized devices re-

quired for arming the system, the station is operational at impact. This

report covers in detail, the problems and their solutions that were en-

countered as this program progressed to its completion.
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SEC TION I

INTRODUCTION

1.0 GENERAL

Packard Bell has successfully completed developing an expendable,

airdroppable weather station (the AN/AMQ-27( ) Meteorological

Station, Automatic) for Air Force Cambridge Research Laboratories

under contract No. F19628-67-C-0174. This system grew out of a re-

quirement for weather information in those areas where such information

was limited, unreliable and/or denied by the enemy.

1, 1 PROGRAM SUMMARY

The first design configuration was based on a soft-landing,

achieved by dropping the vehicle from an aircraft with a parachute or auto-

rotational device to slow its descent. Upon landing, tubular snap-locking

legs, folded up during the drop, automatically engaged to raise the station

to an upright position. A jack-in-the-box antenna extended automatically

with the ejection of the cover plate, which occurred on impact. Con-

ventional wind vane and three-cup anemometer designs were employed in

the sensing elements.

During the study phase, however, it soon became apparent that

this design did not lend itself to the program objectives of cost, reliability

and covertness. The soft-landing feature required severe degradation of

system performance which could not be offset by the effect of a low impact

velocity upon the requirements of the sensor and electronic elements. This

initiated the exploratory hardware development phase of the program.

The decision to alter the initial concept made it necessary to apply

a good deal of imagination to sensor and packaging design which would with-
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stand the high impact shock of a hard landing. The resultant design is the

presently configured vehicle -- a slim, modular cylinder, using two sets

of fixed-pitch airfoil blades which automatically unfold by spring action and

provide a controlled, vertically-oriented descant. An impact spear re-

tains the vertical vehicle orientation upon contact with the ground.

The sensor package is a module situated immediately above the

stabilizing rotor plane. Solid state methods are used in measuring wind

speed, wind direction, temperature, humidity, pressure, precipitation,

and magnetic north refcrence. Conforming to vehicle shape, the sensor

package is protected during vehicle descent by a split fairing which is

released upon ground impact.

The wind vane and anemometer cups were discarded in favor of

more rugged --- and more unconventional --- sensing methods. Wind

speed and direction are sensed by a drag cylinder. The pressure of the

wind against the cylinder causes a strain gage transducer to produce a

voltage change proportional to wind speed. Four transducers are used.

Wind direction measurements are obtained by placing the transducers in

pairs at right angles. The wind speed voltages are therefore transmitted

in such a manner as to indicate wind direction (the vector sum of the drag

forces).

Precipitation sensing is also accomplished through an imaginative a
application of known techniques. The sound of the rain drops hitting the top

of the sensor package is picked up by a microphone. The total count of

drops hitting the package between interrogations is stored and transmitted

to the base station on command.

Communications for the system is provided by a single frequency

system operating in the range of 40 to 42 MHz and is capable of transmitting

over at least 50 miles of range. The communication system operates in two

modes; receive (active) and transmit, Basically, the system is always in the

I-2



receive (active) mode, drawing minimum battery power. If an interrogation

is received, the transmit mode is used at relatively high peak power to pro-

vide a reasonable range of communication. Power is supplied by a 10-ampere-

hour battery package.

All the measured parameters have been successfully transmitted

via radio telemetry over 50 miles of mountainous terrain. The 'deploymert

vehicle has been dropoed from altitudes ra.ging from r to 1500 feet.

With the completion of the exploratory hardware development

phase, the follow-on flight testing and evaluatior. phase was initiated. The

objective of this phase would be to develop an automatic, self-erecting dipole

antenna; to test the deployment vehicle's compatibility of landing in terrain

having different types of soil; and to evaluate its aerodynamic configuration

to determine whz t system design changes would be required to extend its

capabilities to a hign speed launch.

1-3
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SEC TION II

SYSTEM DESCRIPTION

2. 0 The study programs' evaluation of design concepts and final vehicle

configuration will be covered in this section.

2. 1 DEPLOYMENT VEHICLE

2.1.1 BACKGROUND

During the course of the study program, several conceptual

approaches to the vehicle design were studied and analyzed from many

standpoints. Basically, four designs and their associated deployment

concepts were pursued. These were:

a. A balloon descent with a droppable anchor capable of pro--

viding a soft (low impact velocity) landing with a moderate

descent rate until ground contact by the anchor.

b. A parachute controlled descent with auxiliary equipment to

reduce the moderate in-flight descent rate to a soft landing.

c. An autorotative device with variable pitch control, providing

relatively high speed descent and a landing at a moderate to

low impact velocity.

d. An autorotative device of fixed pitch providing a relatively

high descent rate and impact velocity.

The above four general approaches were utilized in evaluations be-

cause it became clear early in the study that there were, basically, two

choices insofar as impact velocities were concerned -- either quite low

(5-10 FPS) or relatively high (50 FPS or greater). Looking at sensors and

electronics, moderate impact velocities, as opposed to high impact velocities,

could not be justified although a low impact velocity could definitely be con-

sidered highly desirable.

S~2-I



In termrs of cost, reliability, covertness, etc. it became evident

as the study ensued that a soft landing would result in severe degradation of

the system performance which could not be offset by the effect of a low

impact velocity upon the requirements of the sensor and electronic elements.

Upon rating the four basic concepts, it was concluded that the fixed-pitch

autorotative vehicle was the only satisfactory solution to the problem. This

conclusion was easy to arrive at in terms of vehicle analysis, but was use-

less unless sensor and electronic elements of the system could be configured

to support the requirements imposed by such a vehicle.

As study was pursued towards evaluation of methodology for

sensors and electronics in view of the autototative vehicle requirements, it

was determined that the trade-off between soft and hard landings in these

areas was not as severe as originally envisioned. Thus, the aotorotative

fixed-pitch vehicle could indeed be justified, not only in terms of itself, but

also in terms of the overall system.

2.1.2 TECHNICAL DISCUSSION

The use of rotating blades, both passive and active, to limit

vertical descent velocity is quite feasible. With properly shaped airfoil

sections, impact performance comparable to parachutes is possible. General

helicopter aerodynamics are applicable for this problem of autorotative

descent. In this particular case, however, only the factor of collective

pitch was considered and, for obvious reasons, only passive rotating blades

were considered. For relatively high descent velocities in which the rotor

is in the windmill brake state, the Rankine Froude momentum theory is

applicable. This Lheory assumes that the propeller- acts as a continuous

disk of rotating blades which sustains a pressure discontinuity and produces

uniform streamline flow through the disk. The dependence of the thrust on

both the free stream velocity and the resulting velocity difference are derived

with the use of Beonoulli's relationship between pressure and velocity.
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For lower order descent rates, momentum theory no longer holds and a

turbulent windmill brake state develops. (See Figure 2-1. ) For both these

conditions, it becomes convenient to define two dimensionless thrust co-

efficients, f and F which depend on the vertical velocity of the vehicle and

the flow through the rotor respectively. If U is the wake velocity of flow

through the rotor and V the vertical velocity of the vehicle, f and F can be

defined as follows,

S- T (1)
Tz

2AP V

T (2)

2AP U2

U V-+v (3)

Where: T = Decelerating Thrust Force

A = Area of Rotor Disc

P = Air Density

v = Average Induced Flow Through the Rotor

For vertical descent during the windmill brake state, a simple

relation between f and F is obtained from Equations (1) and (2) with the

use of the thrust equation T = 2 A(V-v)v, deiived from the Rankine Froude

momentum theory.

F=- - 1 (4)

f

(I + F)

This relationship is illustrated in the upper portion of Figure 2-2.
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For vertical descent during the turbulent windmill brake state,

the wake velocity approaches zero. The corresponding limits of the thrust

coefficients based on equations (3), (4) and (5), become

- 1 -If _ --'- F = 1 -
4

and is illustrated by the bounded area of Figure 2-2. For this region,

Glauert's empirical curve (1-2f)2 3f() is recommended. This curve
1 F-"

is shown down to T less than 2.0. The curve shown applies to power rotors

only. The problem now becomes one of determining at what rates of descent

the pure or turbulent windmill brake states apply.

To illustrate, consider the case of the 20-pound package and a

two blade rotor whose diameter and mean chord are 6 and 0. 1 feet, respec-

tively. Equating the in-plane thrust and drag forces (constant descent

velocity) yields

C _ cd (6)Ci r d

Where CI and Cd are the respective lift and drag coefficients and U and wr

are the descent and rotor velocities. The thrust is defined as

T = W f = (wr) 2 C1 dS

which with the use of (6) yields

c -CI CI 3 (8)
2 4 A 2 2 4

2Ap U Cd Cd AVG

where E is defined as the ratio of blade area, S, to disk area, A. Assuming2

an average lift height and drag relation, Cd = .015 + .045 C1 , the condition

of minimum descent velocity is achieved by maximizing T or C1 3/C 2 which

yields .015 = .045 Ci2/3 or Ci = land Cd= .06 such that (CIC z) 2 a=

278. Noting also that 2 x 0.1_ .02 12, we obtain from equation (8)

F = 278x '0212 1.47.

4
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-- 1
This value of F (- = .68) requires Glauertfs Curve, (mcmentum

F
theory not valid in Lhis region) in Figure 2-2 which yields 1 3.4 or f

f
0. 294; hence the descent velocity is

2APf 2-(Z8. 3)0. 00238(. 294)

This value of the descent velocity is definitely on the low side in

terms of the deployment vehicle concep. The drag and lift factors used in

the above analysis are taken from standard efficient rotor design. In thrc

AN/AMQ-27 vehicle it is necessary to have increased impact velocity to

insure reasonable spear penetration. This desire for increased impact

velocity dovetailed very nicely with the desire to use relatively unsophisticated,

easy to prodr•ce rotor blade design.

The mathematical analysis given above indicated that a reasonably

wide tolerance on blade design and a potential weight/blade efficiency trade

off existed which was well within the conceptual framework of the vehicle.

In one extreme, using optimized, efficient rotor blade design stuch as used

in the analysis, the vehicle weight can be increased to over 50 pounds and

still not exceed the impact velocity range of 55-70 FPS necessary to insure

good spear penetration. In the other extreme, retaining the estimated

weight of 20 pounds, it can be seen that a relatively large degree of freedom

existed in a rotor design that would provide a 55-70 FPS impact velocity.

A final factor which required investigation was the factor of drop height as

depicted in Figure 2-3. When the vehicle is deployed from the aircraft, a

loss of altitude will be incurred befored autorotative descent is achieved.

2-7
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2. 1.3 IMPACT SPEAR PENETRATION ANALYSIS

Following completion of the theoretical analysis of the vehicle

concept, the mechanical detailed paper design was initiated. The main

objective was to make the functional parts simple to fabricate. It was decided

to fabricate only one model initially, since some changes would probably

be necessary after the first flight test. This flight vehicle, as depicted in

Figure 2-4, was six feet long with the main body 2. 5 inches in diameter,

simulated sensor package 5 inches in diameter, lower blades 32 inches long,

upper stabilizing blades 16 inches long and a total weight of 20 pounds.

To gather more experimental data while the vehicle was being

fabricated, a drop test experiment was devised for the impact spear.

The ground drop test, using the calculated vehicle impact velocity

of 60 feet per second, simulated the vehicle impact conditions. This

experiment produced information on the required spear penetration for

vehicle stability in a medium to hard type soil. Using the dynamics equations

2
v = 2gh (1)

the vehicle impact conditions were simulated. Assuming the weight (w)

of the vehicle to be 20 pounds and the impact velocity (v) to be 60 feet per

second, equation (2) was solved for K:

K - 60
32.2

K 37.3

i 2-9
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By substituting this into equation (1), the experimental weight (w) to be used

at a realistic height (h) was calculated as follows:

2222 w
v = Zgh or 2gh = K

g

solving for h and substituting in the appropriate values

h =22,400
2

w

Choosing a weight (w) of 100 pounds, the drop height (h) became 2. 3 feet.

Using this information, a 100-pound weight was attached to the

impact spear with a harness to support it. The impact spear was attached

to a pulley system which, in turn, was mounted on an A-frame support

structure. The soil around the Packard Bell facility being rocky and quite

compact was classified as a medium to hard type soil. The experimental

equipment was set up and many test drops were conducted at different

locations. A review of the test data indicated the best results were obtained

when the weighted impact spear was released from a height of 30 inches. At

this release height, the spear penetrated the ground to a depth of 7 inches and

was quite stable. For vehicle stability, a spear penetration of 7 inches or

more is needed. This type of penetration will be achieved if the vehicle's

impact velocity is 60 feet per second or greater.

2.1.4 FINAL CONFIGURATION

The AN/AMQ-27 vehicle evolved into a slim modular cylinder

(as depicted in Figure 2-5) using fixed pitch air foil blades to control its rate

of descent and an impact spear for ground stability. The main body z 'd the

rotor blades of the vehicle were fabricated from light-weight tubular alumi-

num. This design configuration required the use of two sets of air foil blades.

The lower rotor blades control the rate of vehicle descent, while the upper

counter rotating blades assist in rate of descent control and provide vertical

2-11
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stability to the vehicle. Both sets of rotor blades are pivoted at their roots,

permitting the blades to fold downward, thereby conforming to the cylindrica)

shape of the vehicle body for sto-age. Each set of blades is spring loaded

at the pivot points to aid in their deployment during descent. The impact

spear is a heat treated, one-inch diameter rod tw-.rIy four inches long.

The main body tube houses the batteries and support electronics

as depicted in Figure 2-6. These modules are protected with sufficienm

energy absorbing material to protect them from excessive shock loads

received when the vehicle impacts the ground.

The sensor package for the AN/AMQ-27 is a module situated

immediately above the stabilizing rotor plane. Mounted to the top of this

module is the delayed release antenna.

The final physical characteristics of the vehicle are listed in

Table 2-1.

When the AN/AMQ-27 vehicle is released from an airplane as

shown in Figure 2-7, the two sets of rotor blades automatically unfold by

spring action and counter rotate during descent, providing the stability for

a proper landing and spear penetration. While descending to earth, the

vehicle offers a very small silhouette to a ground observer and, therefore,

is not easily detected.

2-13
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Table 2-1. Physical Characteristics of Vehicle

Section Length(inches) Diai!eter(inches) Weight(lbs)

Antenna 71 3/4 1.0

Sensor 6 4-1/2 4.0

Aerodynamic 20 4 '5. 0

Blades Folded 4-1/2 --

Blade Circle Dia. - 90 --

Canister 36 4 2.0

Electronics 20 3-1/2 4. 0

Battery 10 3-1/2 7.0

Shock Pads - -- 1. 0

Spear 24 1 5. 0

Balancing Wts. L -- 3.0

TOTAL LENGTH: 162 inches (deployed); 68 inches (stored)

TOTAL WEIGHT: 32 LBS.
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2.2 ELECTRONICS AND COMMUNICATIONS ASSEMBLIES

2.2. 1 TELEMETRY SYSTEM OPERATION

Figures 2-8 and 2-9 serve as guides to show the telemetry link

as it was demonstrated and as it is intended to be used.

Initially, a one-second one-shot is triggered through a momentary

pushbutton on the front panel of the base station. Two simultaneous tones

then modulate an FM high-powered transmitter for a one-second period.

The command receiver in the vehicle then detects the rf, amplifies

the two tones, and feeds them to the two tone decoders. The two tone decoders,

after a 500-millisecond integration period, each produce a pulse. These two

pulses are then fed into an AND gate which produces a single pulse turning on

system power through a flip-flop. This simultaneously removes power from

the receiver and switches a coaxial switch from a receive to a transmit

mode. At this time, a mechanical multiplexer sequentially steps through

each sensor data point, modulates the subcarrier oscillator with a dc signal

and simultaneously keys the transmitter. The subcarrier also modulates the

carrier frequency. The base station receives the data. At the end of the

last data point, a pulse then resets the flip-flop removing system power,

restoring power to the receiver and returns the coaxial switch to receive.

The transmitted data are received by the base station receiver and the sub-

carrier is detected and fed into a subcarrier frequency. The subcarrier

discriminator demodulates the carrier deviation frequency which is proportional

to the dc input. The output data are proportional to the input data.

The electronic package space configuration is shown in Figure 2-10.
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2.2. 2 POWER PACK AND REGULATORS

The power pack for the system has been defined and absolute values

for voltages and power levels have beer assigned.- Packaid Bell has evaluated

(See Appendix A) the 'various types of batteries which best fit into the cost

structure. The power requirements used for the evaluation were as follows:

Power Requirements Current Voltage Regulation

(a) Transmitter 2. 5 amps 28-30 None

(b) Receiver 10- 12 ma 6-7.5 None

(c) Sensors 200 ma +10 Not defined

50 ma

2. 2. 2. 1 Power Pack Considerations

(a) Temperature, operational from -40*F to +120°F

(b) Storage and shelf life

(c) Size: limitations are imposed on battery pack due to

existing package configuration

(d) The ability to sustain voltage levels under constant load

(e) Constant ampere-hour capacity over long periods

(f) Shock, vibration and acceleration resistance

(g) Low internal imtpiedance

(h) High ampere capacity

(i) High discharge rates
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2. 2. 2. 2 Ampere-Hour Capacity

The ampere-hour capacity for the total system was based on the

duty cycle and peak current requirements of each item listed under

paragraph 2. 2. 2.

a. Receiver

Duty cycle 100%

10 days, 240 hours at 12 ma rate = 2900 ma hours

or 2.9 ampeze hours

b. Xmtr

Duty cycle based on a 1. 2 seccnd transmission period every

4 hour for 10 days or 240 hours =

2402- 60 transmissions x 1. 2 seconds = 72 seconds
4

-- 3
1.6 1.6 1.6x 30 -3

Duty cycle -40x 60 - 14.4x 103 -14.4 -. I X 10

-4 2 -2-4
1.l1xl10 xlIxl10 .l1x10x . 01 1.l1xl10 x

2.4x0 = 2.6 x 10-

.026 hours x 2. 5 amps = . 068 ampere hours.

c. Sensors

Duty cycle on the sensors is based on a 2-minute pretrans-

mission warmup period to allow some of the sensors to

stabilize coupled with the 1. 2 second transmission period

every 4 hours for 10 days or 240 hours =

20 = 60 transmissions x 1. 2 seconds = 72 seconds
4

+80 prewarmup periods x 2 minutes = 1. 1, + 160 = 161. 2 minutes

2-22



Duty cycle 161 161 x 10-3Dut cyle - 3 14.4
14.4x 10

11 x 10-3 02 1 0-2llxO Ilx = llxl0" =I.i=l1. lxlO x

2.40 x 10=2 2.4 hours x .2 amps =.480 hours.

A multiple power pack system has been selected to eliminate the

need of regulators due to the large number of voltages required of the system

and also to eliminate the waste of watt-hours used up on regulators which would

be on 10CGlo of the time.

7100 XMTR

XMTR

I I+6 to -CV!

RCVR

Reg

+13.5 +13 V Sensors

+13.5 -10 V Sensors

System Power Distribution
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The transmitter and receiver do not require regulation. The

normal decay characteristics of the battery curves were used and the selec-

tion of the ampere-hour capacity allowed an extended range over the required

period.

High-discharge rate batterieswhich exceed the battery power re-

quirements by a 15 to 1 margin, were purchased for the transmitter power pack.

Yardney silver-cells were used, due to their ability to withstand high discharged

rates and also their size and low temperature characteristics.

The battery temperature limitation appeared to be inherent in the

nature of battery construction but some options included: heaters to maintain

battery temperature; pulsing the battery with heavy loads to warm it; and

the use of other power sources such as propane, the rmo-couple type gener-

ators in place of the battery.

Mercury batteries have been selected for sensor power and re-

ceiver power. Their size was a consideration here due to qpace limitations

and also because of their inherent ability to deliver extremely large watt-

hour capacity. These batteries, however, do not have good low-temperature

characteristics. Battery manufacturers have been doing R & D work on

low-temperature batteries for the Signal Corps and are more thý,n willing to

take on an R & D program for development of iow-temperature cells for this

program. Batteries are not presently available to fit our requirements.

For the system evaluation, the Mallory Mercury Batteries were used. (See

Appendix Aý

The power pack has been packaged and was successfully shock

tested at 75 g's without any detrimental effects on performance.

2.2. 3 MULTIPLEXER

The mechanical multiplexer was designed and tested. (See Figure 2-11.
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2.2.4 DECODER

The decoder section was designed to (1) amplify, (2) discern the

presence of two simultaneous predetermined tones with a time domain thresh-

old determined by the bandwidth integration period, and (3) provide a trigger

pulse to initiate system activity. See Figure 2-12 below.

Amplifier No. 1

Preamplifierp.
Tone Filter

Fromt 0I000 Hz Output

Reevro> Amplifier No. 2

----••Gate
T one Filte

110.9 Hz

Figure 2-12. Decoder Block Diagram

The circuit employs two resonant reeds which are excited by the

presence of their respective resonant frequencies. When this occurs, the

reeds vibrate and an intermittant contact closure provides the simultaneous

dc pulses for driving an "AND" gate which, in turn, gives the desired

trigger pulse.
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2.2.5 COMMUNICATION SYSTEM

Preliminary evaluation studies regarding telemetry range indicated

that, by using very narrow transmitted bandwidths, increasing transmitted

power, employing large antennas at the receiving end, and using low-noise,

narrowband receiving equipment, it might be possible to transmit data over

a 50-mile range a high percentage of the time. Range tests were strongly

indicated as a next step to empirically determining the communications

probabilities.

-1.5. 1 Final Design Philosophy

The communication subsystem was changed from the originally

proposed two-frequency communication system to a single-frequency system.

This feature eliminated the need of two separate antennas which would be

required to receive the command or interrogation signal which is the low

frequency channel, VLF, and the VHF antenna for the data transmission.

The selection of a single frequency made the antenna problem more real-

istic in terms of simplicity and implementation and, of course, was more

economically feasible. A single antenna served both the interrogate command

RF link and also the data RF link.

The system was no longer dependent on discrete active periods

before an interrogate command could be initiated. The command receiver,

being active 100% of the time, could be interrogated at any given time

within the active life of the system. The command signal consisted of two

simultaneous tones generated at the base station of equal amplitudes and

duration. These signals are in the 100 to 500 Hertz range with more than

0. 1i stability. The receiver had, as part of the package, a tone discrimi-

nator decoder consisting of a set of discrete tones. This system reduced

the probability of false recognition signals causing interrogation, not only

because it required two simultaneous tones, but also because of the narrow
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bandwidth characteristics of the decoders (approximately ± 2 Hertz) which

require a finite interrogation period. In this case, the interrogation

period was 1 500 msec which again reduced the probability of false
Bw

recognition. With a minimum of tones within the bandpass of the receiver,

a large number of units could be discretely interrogated, without any

interaction between units.

The transmitter operated in a pulse modulated FM/FM mode

because of the low data rates. The subcarrier oscillator was modulated

by the data from the sensor package signal conditioners. The subcarrier

oscillator then modulated the transmitter carrier. The transmitter

transmitted each data point only at the time each data point was sampled.

Transmitter power was only applied after an interrogate command had

been received.

The frequency selected for the communication subsystem was

considered carefully. (See Appendix B.) A study of those areas which

would affect the transmission path were: the terrain and topography of

the drop zone; the topography and conductivity between the drop zone and

the base station; and, including the noise level for certain areas, receiver

sensitivity and noise figure. Range capability is still predominantly a

function of antenna height at the base station. As a result of all of these

considerations, the receiver was designed to meet all of the noise and

sensitivity requirements.

While all other parameters were being considered, the base station

was by no means forgotten. Data acquisition and reduction using a simple

stripchart recorder or meter is a feature of the FM/FM system. Due to the
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low data rates, a stripchart recorder could respond to prf's of 8-10 cps

giving a permanent recorcd of the data for later analysis or correlation with

other units. Demodulation of tie data only required the addition of a sub-

carrier discriminator.

The system, as previously discussed, meets the requirements

of a suitable communication link for the droppable unit. The system corn-

ponents on the remote station are:

a. Tramsitter

(1) Mode; PM, FM/FM

b. Receiver

(1) Mode; FM

c. Decoder

(1) Two simultaneous different frequency tones

d. Antenna

(1) Single dipole

2. 2. 5. 2 Receiver

A receiver has been designed to operate at an operational frequency

between 40 and 42 MHz with an IF bandwidth of 2 KHz and a noise figure

of 4 to 6 db. The command receiver is illustrated in Figure 2-13.

Receiver sensitivity for the base station is-.

KT -174 dbm/cycle

KWi (Z KHz) 33

NF 10

Threshold S/Na 3
-128 dbm = Pr = power to receiver

Radio wave propogation analysis showed, that, in order to deliver

-128 dbm to the base station receiver, the following requirements had to be

met.
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Transmitter power, Pr = 50 watts +47 dbm

Remote Unit antenna gain, Gr 0 db

Base Station antenna gain, Gr +13 db

Space loss calculated - -103 db

Ground wave loss = -85 db

-128 dbm Pr Power
to Receiver

The receiver was designed for a sensitivity of -135 dbm with a

signal to noise figure of 6 to 8 db and an IF bandwidth of 2 KHz. Sensi-

tivity was increased to give a 7 db safety margin. The receiver was

breadboarded and tested. The tests showed that the receiver met the

sensitivity requirements.

2. 2. 5. 3 Transmitter

A transmitter has been designed to operate over a frequency range

between 40 and 42 MHz with the capability of delivery between 50 and 60

watts into a 50-ohm matched load.

The prototype transmitter has also been tested and meets the

power requirements with an additional 6 watts to spare. Total output power

56 watts. The data transmitter is illustrated in Figure 2-14.

2.2.6. ANTENNA

2. 2. 6.1 Preliminary Stud

The initial effort was concentrated on the design and develop-

ment of a suitable antenna to operate between 3 and 7 MHz for ground

wave propagation as proposed and capable of a transmission distance of

50 miles.

The approach taken at that time was the evaluation of a square

loop antenna. Loop antennas of various materials, material diameters,

and loop sizes were constructed. This was to determine and optimize the

radiation effiency of the antenna.
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When the radiation efficiency of the antenna was optimized, best

operational frequency and power levels were evaluated.

Selection of a loop antenna as the radiator was based on various

electrical and mechanical characteristics and considerations best suited for

application to an air droppable system such as the one proposed.

Electrical

a. Opposed to a dipole antenna the loop antenna does not require

a critical ground plane.

b. Height does not degrade the radiated energy as does the dipole

when placed at close proximity to the ground, due to the

incident reflected wave which has a cancelling effect to the

radiated wave. The reflected wave from a loop antenna com-

bines with the incident wave in an in-phase condition resulting

in an increase of radiated energy.

Mechanical

a. Storage - The antenna can be hinged at all four corners when

not in use by folding into a length equal to one of the sides.

b. Deployment - Deployment should not require motors, but

could be spring-loaded and deployed upon impact.

c. Size - The size of the antenna would probabily not be greater ii
than one meter on a side.

Field strength measurements were taken with one antenna configu-

ration and indications showed that antenna efficiency was low. improvements

were made to increase efficiency. Tests were also conducted to determine

radiation pattern characteristics of this antenna.

After intensive testing and evaluation of a loop antenna, the test

results showed that the efficiency of the antenna could be increased only by
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increasing the diameter of the loop and also the conductor itself to the point

that it became impractical in siy.e for use as a radiator in the proposed

vehicle. Another undesirable characteristics was tuning. Tuning became

critical when placed on locations other than wherL the antenna was originally

timed. To overcome this problem, electronic tuning would have to be included

in the packageadding additional drain to the batteries which would then lead

to z. larger battery pack. This would then impose space limitations for

the electronics. For these reasons,the loop rntenna as the radiator was

abandoned.

A differ'en. aparoach, after careful consideraticn and study, was

impierrented and tested. It was decided tha, a dipole antenna could be used,

if a high enough freq'iency was selectee so that a quarter wave length whip

antenna wuuld be e-ual to 1/4 the length of the vehicle barrel. This would give

essentially a center-fed,fullwave antenna and,using the rotor blades as the

ground p1 ae for increasing antenna efficiency, would provide a practical

antenna for use in the vehicle.

2. Z. 6. 2 Pze.iminary Design

The frequency selected for range testing was between 50 and 52

MHz. Thi "wever, would not Ge the operational frequency intended for

the MET system. The o•erational frequency would have to be in the 40 to 42

MHz range, which is allocated for armed forces use.

A telescopic antenna was used for adjusting the antenna to the

required anteana length to properly load a transmitter for minimum VSWR.

The tests indicated that the antenna required various lengths to reduce the

VSWR for good antenna matching when operated with the rotors extended or

collapsed. Also, therewas an interaction between the lower and upper rotor

blades when one -)r the other was collapsed, again changing the antenr~a require-

ments. Tc overc~Tn~e this interaction a fixed ground plan - had to be developed

such that the :ength of the radial elements would not interfere with the rotation
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of the upper rotor blades and yet give a fixed antenna length. The number

of ground plane elements was reduced to three elements 18 inches long and

spaced 1200 apart at the base of the antenna which is the bottom of the

sensor package.

Additional tests (See Appendix C) were conducted to determine

the effects the penetration of the vehicle in the ground would have on VSWR

and antenna length. Tests showed that the vehicle could penetrate the ground

to the lower blades without significantly effecting the VSWR and antenna

length.

Also, of importance was the off-xertical angle characteristics

of the signal strength. Range tests indicated that the antenna can operate as

much as 350 off-vertical without critically effecting the signal strength.

Signal strength at 450 off-vertical approached 6 db.

Propagation signals at distances of 30 to 50 miles using this

antenna configuration on the vehicle indicated that the pcwer levels and

signal strength were compatible with the system requirements.

2.2.6.3 Final Configuration

As a result of the exploratory hardware development phase, the

final antenna configuration requirements were defined. During this phase

of the program an automatic, self-erecting dipole antenna was designed,

fabricated and tested for compatibility with the existing communications -*

system of the station.

A sFecification control drawing was made and negotiations were

started with Spar Aerospace Products Limited for the development of the

antenna. Of major concern was the strength requirements and considerable

evaluation wN.s given to the behavior of the antenna under the 60-knot wind

condition.
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2. 2. 6. 3. 1 Electrical And Mechanical Design Requirements

The electrical and mre chanical design requirements for this

antenna were formulated with the following specifications:

a. Scope

This specification is for the design and development of

an extendable vertical dipole antenna. This device will

be of the "jack -inn-the -box" type and, therefore, will no,

require electrical power to raise or lower the antenna.

b. Electrical Characteristics - Design Goals

(1) Frequency Range 39-42 MHz

(2) Power Gain (Over 1/Z wave
dipole) 0. 00 db

(3) Bandwidth 'SWR 1:5:1 R3 db Points

(4) Normal Input Z 50 f

(5) Minimum Power Input 100 watts

(6) Termination Subminiature Scr e'..-
on Connectoir for RG
196/U Cable (Micro

Dot, Inc. Type No.
031-0050 or equiv-
alent.

(7) Wave Length Mode 1/4X

c. Mechanical Characteristics

(1) Mounting 2 threaded inserted
holes or studs

(2) Size 2" Square X 3" High

(3) Weight 1/2 Pound Maximum

(4) Antenna Release Spring Loaded adjustable

Mechanism "'3-Release Mechanism"
that will release between
40-50 g's.
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d. Environmental Conditions

(1) Temperature -50°F to +150°F

(2) Wind 60 knots

(3) Impact Shock Loads 60-80 g's

(4) Salt and Sand Atmosphere Antenna will con-
tinue to be
functional when
operating fn this
type of atmosphere.

2. 2.6. 3. 2 Antenna Design And Development

Initially, the basic STEM (storable, tubular, extendible member)

type considered for the antenna was the "Jack-in-the box", as depicted in

Figure 2-15. Evaluation of this type of STEM proved to be faulty when trying

to extend in a 60-knot wind environment due to its weak root section, Figure 2-16c.

Many alternatives were explored in the evolution of the tip drum type (TDM)

device, shown in Figure 2-17. This device represents a design that will meet

the requirements of the AN/AMQ-27 system.

2. 2. 6. 3. 2.1 Antenna Description

It was determined that a four element BI-STEM device would be

used in this application (Figure 2-18b). Calculations indicated that this would

ensure survival of the antenna in a 60-knot wind. This meant, however, a

total weight of about one pound, or, twice the desired weight. If a maximum

survival wind speed of 45 knots was satisfactory, then a two element BI-STEM

could be used and the weight reduced to about 0. 65 pound.

The elements of the BI-STEM are wound onto a storage spool

which is then loaded into a roller cassette (Figure 2-19). This cassette is

mountr . on top of a fixed base structure with a vee-shaped register to en-

sure a rigid attachment, shown in Figures 2-17 and 2 20.
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Figure 2-15. "Jack In The Box" Extension Process
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One of the most unusual machine elenments to appear
in some time, the STEM is also one of the simplest. It
was developed specifically for use as an extendible boom
in spacecraft but has found increasing use in down-to-
earth applications. Here's a complete guide to design-
ing the STEM.

X

d

Figure 1 - Three basic types of
STEM with applicable design parameters
and dimensions. The root-drum model
(RDM) a, is the most common type.
This unit unfurls from a drum, and is
retractable. It is used in lengths up
to 1000 ft. The tip-drum model (TDM),
b, is basically similar to the RDM
except that the d1rum rolls off the tip
of the tube. A one-shot unit, this type
is self-extending. Strain energy of the- -

coiled tube as it is released from the
drum pruvi,-tes force necessary for
extension. Jack-in-the-box model
(.1 2,M), c, is also self extending, the
necessary force being provided in the
same manner as in the TDM. This type
has a constant ejection speed, of about
20 ft/sec for typical units. Because the
STEM rotates during extension, it has
considerable stability. Lid J

Figure 2-16. STEM Configuration
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Vee -Register Cassette-Discarded on
Vee-ReisterExtension

Antenna

Base-High Impact Plastic

Release
Force

Antenna-Extended - NTS

Figure 2-17. Tip Drumn Type Antenna
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/ / /

/ -, A. The STEM principle

Element 1 A

lement 2A

B. The BI-STEM principle

Storage Spool
Elementl

d
Section A-A

Depth .. ' .d

C. BI-STEM dimensions
Width D

Storage Spool

Figure 2-18. BI-STEM Device
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Cassette Core

Storage Cassette

Stored STEM Element

Bearings

' Guidance

Figure 2-19. Cassette Principle
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Root Post
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Figure 2-20. Cassette Mounting and Root Post
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Th, ends of the antenna elements projecting from the cassette

are attached to a root post (Figure 2-20) which, in turn, is attached to the

base with two screws and a root clamp. Under the head of the lower screw

is a solder lug which is connected to the Microdot connector by a short wire

braid to form an RF pick-up (Figure 2-21).

The cassette is retained in the position shown by a special "G"

latch (Figure 2-22). This consists of a threaded plunger attached to a

comparatively large actuating mass. The top of the plunger is waisted and

engages with a thin metal diaphram washer resting on a reinforced land in

the cassette.

Upon impact of the parent vehicle, the "G"-latch mass is accel-

erated toward the base and pulls the plunger through the diaphram washer.

The spring under the mass is compressed and, upon completion of the

downward stroke of the mass, provides an upward return force to assict

the cassette in lifting off the base. The stored strain energy of the BI-STEM

elements then completes the lift off and, upon full extension of the antenna,

the cassette is forcibly discarded. The mounting configuration and overall

parameters of the antenna are shown in Figure 2-23.

2. 2. 6.3.2.2 Antenna Development

A four element BI-STEM device was deveioped for this

application. A confidence test was successfully completed on the stem part

of this device. The mylar elements that form the base section of the antenna

were subjected to tensile tests over the required temperature range and

showed good repeatability.

Upon receipt of the BI-STEM self extendible antenna from

Spar Aerospace, the release mechanism was redesigned to include two

spring loaded pins held in a latched position by a release mass plate and a

Mylar latch as shown in Figure 2-24. This mechanism was designed to

actuate under a downward "G" force of 40 to 50 "GIs". Upon application of
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Nameplate

'STEM' Label

,I I STEM t•

4.12

.4.

.85" Wirelock

1.7 (Shipping Only)

Root Clamp-Copper
RF Connector

(Microdot 031-0050)

Figure 2-21. RF Pick-Up
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Rollers (14)

Cassette

'G' Latch Diaphragm Washer

"Reinforced Land

r .Limiting Lug

Upward Return Spring

Mass-Latch Release Mounting Face

Figure 2-2Z. Cassette Retainer
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-q .35 1. 000.W

I I

1.00

3

10.32 UNF-2B x .5 Deep
Mounting Holes

Notes

1. All Dimensions for installation purposes only

2. Antenna Specifications:

2. 1 Diameter ----------- . 5 in

2.'2 Material- ------------- Stainless Steel (.003" Thk)

2. 3 No. of Elements- -- -- ------- 4

2.,4 Type- -- -- -- -- -------------- BI-STEM'

3. Weight - -i--------------------1. 0 lb.

4. Release Force Required - ------- 40 - 5OG (Adjustable)

iI

Figure 2-23. Mounting ConfigurationI 
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Remove At Instln

Cassette Primary Stirrup
Latch Secondary Latch

0

4) /

"Base Str~ictureR
SRelease Mass

RF Connector Antenna Root A
7

0 'MYLAR'

Figure 2-24. BI-STEM Device - Type 877
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thi; "G" force, the release mass is accelerated downwards causing the mylar

latch to fall in tension. The displacement of the mass exposes the two spring

loaded pins which secure the cassette. The pins then disengage the cassette

and the stored strain energy of the BI-STEM elements causes immediate

erection of the antenna mast. Upon reaching the full mast height, the

cassette is thrown clear in a random arc.

The BI-STEM device was mounted to a shock testing machine at

Packard Bell to check out the shock release mechanism. The antenna was

induced to a 45 "G" shock load and it failed to release. An investigation

of the release mechanism revealed that the spring loaded pins did not re-

lease when the release mass dropped and exposed them. A closer look at

the spring pins revealed that they were covered with adhesive and, therefore,

glued in place so that they could not be released. This happened when the

plastic retaining washers were glued in place to hold the spring pins captive.

Packard Bell could not satisfactorily re-glue these retaining washers in

place so the unit was shipped back to Spar for a re-evaluation of the design

of the release mechanism.

Prior to shipping the antenna back to Spar, it was subjected to an

electrical test mounted on the deployment vehicle. It was cut to 70. 5 inches,

which is the correct electrical length for 42 MHz, and it functioned quite

well in both the transmit and receive modes.

The antenna was modified by Spar Aerospace and returned to

Packard Bell. The plastic retaining washers that were installed with

adhesive had been replaced with a machined plate held in place by three

screws. This device was set up on the shock machine and tested numerous

times. The shock release meclianism worked and the antenna released each

time. The release mechanism could be adjusted in the range of 40 to 47 g's.
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2. 2. 6. 3. 3 Antenna Delay Release Mechanism

The last series of flight tests conducted in April 1969

indicated that the antenna would not properly release without sore kind of

delayed release mechanism. The initial parameters established for such

a device were:

a. Capable of a on--- minute delay.

b. Ruggedized to withstand a 100 g vertical shock

and a 50-60 g horizontal shock.

C. Low cost.

Having these parameters as guidelines, various delay release type

mechanisms were evaluated.

These conceptual devices included various designs

with electromagnetic relays, oil and air dashpots and CO2 cartridges.

All of these concepts seemed to fall outside of the previously established

guidelines. They would either result in a complicated design that would be

costly to produce or too flimsy to withstand the high impact conditions

during vehicle landing. Finally, a model airplane enthusiast suggested

using an item common to this hobby known as a "TICK-OFF". This is a

mec'ianical timer, adjustable from 0 to 5 minutes, used to control the

flight time of model airplanes in a free flight pattern.

One of these "TICK-OFF" devices was purchased for

laboratory testing and evaluation. The initial evaluation indicated that the

device was well built, very compact and light weight. A fixture was made

to hold this device on the shock testing machine for endurance testing in

the vertical and horizontal axes. This device received a dozen shocks

of 100 g's in both axes and survived without any failures or degradation

in performance.
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Since the testing proved the devicets capability of functioning

in a 100-g environment, the next step was to couple it to the release mech-

anism of the antenna. This was accomplished as depicted in Figures 2..Z5,

2-Z6 and 2-27. The "TICK-OFF" was mounted close to the antenna and

coupled to the antenna through the arm latch (item 6, Figure 2-25). New

parts were fabricated to support this design, as indicated in Figure 2-25.

A functional description of this delaying mechanism follows using Figure 2-25

as a reference.

The antenna with the delaying: mechanism was mounted

on the top plate of the sensor package, as shown in Figure 2-28. The A

vehicle was loaded into the deployment tube, the timer set for one minute

and the timer actuating clip placed in position (item 10). When the deploy-

ing airplane reached the drop altitude of 1000 fect over the target area, the

vehicle was released. As the vehicle exited from the deployment tube, a

lanyard removed the actuating clip and therefore started the timer. The

flight time of the vehicle is normally 9 to 10 seconds, therefore, leaving

50 seconds of delay prior to antenna erection. After a minute had elapsed,

the timer allowed tha arm latch (item 6) to drop, releasing the release pin

assembly (items 7, 8, 11 and 12) which allowed the cassette (item 3) to

extend the antenna.

This completed assembly had been repeatedly tested on

the laboratory shock machine (100 g's vertical, 50-60 g's horizontal) without

degrading its performance. This device was cousidered satisfactory for

flight testing.

2. 2. 7 ELECTRICAL SPECIFICATIONS

2. 2. 7.1 Transmitted Electrical Specifications

Power output 50 watts nom.

Frequency stability *0. 002 1

Linearity *20-of best straight line

Deviation(carrier) 10 mv/rms al MI = 2
•I: 2-51
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Figure Z-26. Antenna Delayed Release Mechanism - Front View
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Figure 2-27. Antenna Delayed Releaoe Mechanism,- Side View
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Deviation (subcarrier) * 7% at * 2. 5 vdc

Input impedance 50 ohms

Harmonic distortion 2%

Modulation Pulse, FM/FM

Frequency 40-42 MHz crystal controlled

Power requirements +28 vdc nom * 3 volts

Spurious output 60 db

Current 3 amps average

2. 2. 7.2 Receiver Electrical Specifications

Receiver type FM

Frequency stability * 0. 002% crystal controlled

Input impedance 50 ohms

Noise figure 6 db

Image rejection 60 db

Spurious resonse 60 db

IF. rejection 80 db

IF. Bw 2 KHz crystal IF. filter

Discriminator lin. ± 2?%

Limiter Limits on noise

Sensitivity -128 dbm

Frequency 40-42 MHz

Power requirements +7. 5 volts nom. k 1 vdc

Current 12 ma

2. 2. 7. 3 Decoder Specifications

Type Tone decoder

Frequency Tone No. 1 100 Hz Bw 2 Hz

Stability k 0. 1 %

Tone No. 2 110.9 Hz Bw 2 Hz

Stability ± 0. 1%

Integration period 500 milliseconds
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Command response Presence of two simultaneous tones
("and" gate function)

Input impedance 50 k ohms

Sensitivity 35 mv/rms

Power requirements 7. 5 vdc nom. I 1 vdc

Current 1. 2 ma nom.

2. 2. 7.4 Discriminator Specifications

Input frequency range Standard units are available for center

frequencies between 300 Hz and 185 KHz

and for deviations between * 3% and E 40%

Input sensitivity 10 mv to 10 v rms without adjustment

Input impedance 100, 000 ohms shunted by less than 25 pf

AM rejection* A 20 db step in input amplitude will re-

sult in a peak output transient of less

than 11 of bandwidth.

Adjacent channel With the desired channel at center fre-

rejection* quency, presence of adjacent channel

band edgesup to 16 db greater in ampli-

tude will produce crosstalk of less than

0. 1 % of bandwidth.

Output signal Adjustable from * 1 v peak at 10 ma to

1 10 v peak, at 2 ma, single ended

referred to ground. Continuous short

circuit of output will cause no damage.

Output impedance* Less than 1 ohm at minimum gain setting

to less than 5 ohms at maxi-num gaiia.
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Output voltage limit Less than 15 volts peak.

Capacitive loading Capacitive loading of output will cause

no instability. Parallel RC load must

not exceed maximum rated load.

Linearity Less than 0. 1% departure from best

straight line.

Output ripple and noise Less than 0. 1% of bandwidth

0 - 10 K.Hz*

Data frequency response Low pass cutoff frequencies from 6 Hz

to 20 KHz. Roll off asymptotic to 18 db/

octave. Constant amplitude filters down

0.5 db 0. 25 db and linear phase filters

down 3 db ± 0. 5 db at rated maximum

intelligence fretiuency.

Harmonic distortion* Less than 0. 5%o for any frequency up

0o chan-.el cut off.

Zero stability Within ± 0. 075 % of center frequency for

24 hours after a 20 minute warmup.

Tape speed compensation A minimum improvement of 20 db is

achieved for wow and flutter as great

a!- *3%.

Counter output A square wave with frequency identical

to the carrier input appears at the iront

panel "CTR" test point. Amplitude is

approximately 3. 0 -olts P-P independent

of input ,oltage. Minimum load impedance

50k shunted by 1000 pf.
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Temperature range Operating 0°C to +550C

Storage: -40°C to +80°C

Power requirements +18 vdc at 140 ma (max.) and -18 vdc

at 70 ma (max.). Supply must be highly

regulated:

Weight 1.5 lb. max.

*'Specifications refers to performance when used with IRIG proportional

bandwidth system employing a modulation index of 5. 0.

Z. 3 SENSOR PACKAGE

2. 3. 1 SENSOR PACKAGE MECHANICAL DESIGN

In arriving at a final mechanical design, the various areas

analyzed, breadboarded and evaluated in the sensor package (temperature,

humidity, precipitation, pressure, wind speed and direction) were reviewed.

Much effort was spent on obtaining and evaluating manufacturers' specifi-

cations on key component elements, such as the temperature thermistor,

microphone for use in the precipitation sensor, strain gages, etc.

In order to conserve battery power, an evaluation of the sensor

package was made with the sensors and their signal conditioners switched

off during the quiescent period. Also, the time required for the sensors

to warm up before being sampled was approximated.

The feasibility of using common signal conditioning amplifiers

for a multiplicity of sensors to reduce power requirements was also studied.

The design of the sensor package has been completed and is shown

in Figure 2-29. The signal conditioners were fabricated as flat circuit board

assemblies, and potted as individual modules 2. 25 inches in diameter and 1-

inch thick. The prototype modules were all potted in foam potting compound,

and assembled into the complete sensor package.
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2. 3. 1.1 Prototype Interface Connections

Figure 2-30 illustrates the interface connections in the sensor

package.

2. 3. 1. 2 Sensor Package Power Requirements

The following data -elineates the power requirements of the

sensors,

Sensor +10 * 0. 1 vdc -10 * 0. 1 vdc

Wind Speed and 1. 7 ma 18 ma
Direction

Temperature 10. 2 ma 1. 3 ma

North 87 ma 7.4 ma

Pressure 40 ma - -

Humidity 6. 5 ma 6. 2 ma
Precipitation 16. 7 ma (Readout) 4. 6 ma (Readout)

12. 2 ma (Cont.) 3.2 ma (Cont.

18 2. l Int. 37. 5 Int.
12. 2 Cont. 3. 2 Cont.

2. 3, 2 WIND SPEED AND DIRECTION

A solid -state anemometer was used for wind speed and direction.

Due to package size limitations, the dynamic characteristics and threshold

of the "mini-vane" approach previously proposed for wind direction measure-

ment were undesirable. Heat flow shielding and associated problems indi-

cated that implementation of the heated thermistor approach would lead to

difficulty. The solid-state anemometer appeared to be a simplified approach

with the present package. Modification and adaptation of techniques already

demonstrated in previous developments yielded a simplified configuration for

the composite measurement of wind speed and d-irection in rectangular co-

ordinates. Design techniques were used to minimize the effects of "off

vertical" operation to within the accuracy tolerance (Figure 2-31). The basic
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Figure 2-30. Pro•tctype Interface Connections

2-62



Weight of Drag Cylinder 0. 0575 Lbs.

Drag Force at 2 Knots 0.0030 Lbs.

Drag Force at 5 Knots 0.0185 Lbs.

Specification 2 to 50 Knts * 5 Knts

Maximum Off-Vertical Angle 0 = Sin 1  0. 0185 -- 1*
0. 0575

Speed
Error(Knts)'

5

4

3

10 20 30 40 50 Knts

Wind Speed

* Figure 2-31. Wind Speed Error Due to Off-Vertical Orientation
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approach was to use a limited-length cylinder and high sensitivity strain

gages to measure drag-imposed deflection in the two horizontal directions

(Figure 2-32). Special design, including excursion limiters, led to a device

readily adaptable to the drop package.

A drag cylinder, 4. 75 inches in diameter and 5. 5 inches long

stresses a 0. 125-inch square brass bar (Figure 2-33). The orthogonal com-

ponents of strain are sensed by semiconductor strain gages. The strain out-

put is amplified and transmitted as two signal components as shown in

Figure 2-34.

Because of the square law characteristic of the pressure velocity

curve, accuracy requirements are most stringent at low-wind velocities.

The error due to off-vertical landing was computed to be less than five knots

at wind speeds near zero for angles of less than 15 degrees. Since flight

experience indicated that the landing attitude did not exceed these limits,

S it was decided to eliminate the off-vertical correction from the prototype

package.

Static loading tests (Table 2-2 ) on the wind/speed direction sensor

demonstrated that errors of less than * 20 degrees and ± 5 knots could be

achieved. Wind tunnel tests did not reveal a need for spoilers on the drag

cylinder. The drag cylinder is constructed of polystyrene foam and Mylar to

reduce weight. This reduction of weight to 30 grams raised the natural

resonance frequency to 30 Hz where the signal conditioner coulk successful.;

filter the oscillations.

2. 3. 3 AIR TEMPERATURE

The &ir temperature breadboard, which had been previously tested,

was approved for prototype fabrication (Figure 2-35). Sun shields and sensor

mounts were designed as part of the sensor package mechanical design.

Sensor accuracy over the temperature range tested was *1 degree F.
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I F-

S10I 47 - +ov L

560K 180K
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Identical to Circuit
I .tRight I O09 1 5_ -- goo

I A 1.5K

-IIv 4700 pf

REV STATUS REV

OF SHEETS SHEET
UNLESS OTHERWISE CONTRACT NO. P qkmre d B4ll
SPECIFIED DIMENSIONS •
ARE IN INCHES i|

TOLERANCES ON: DRAWN
FRACTIONS ± 1/32 CHECK
DECIMALS XX ±.02 APPO Wind Speed and Direction Senoor

XXX ± .O10
ANGLES ± 030' SIZE CODE IENT NO.

MATERIAL A 45413 Figure 2-32

____ ______ ___ _ SALESHEET or
Z -65



4.

Mylar

5.511 Polystyrene Foam

I_ Strain Gages

A= 4. 75" x 5.5"1' 0. 182 ft2

1 V2 1 -3 V2 -4 2
D= 14V' ACC xZ. 38x 10 x 0.18Z x 1.2 V = 2.6x 10 V4ps

2 D 2 (fps) fps

u1.56 x 10 -4V2
fps

at 50 Kts, D = 1.82 Lbs.

Spec. W/S 2 - 50 Kts *5 Kts

W/D *20* for W/S > 2 Kts

Vkts D bs V Volts

*Z .00063 0.0044

*5 . 0039 0. 025

*15 .035. *0.225

*30 0. 14 *0. 9

*50 0.39 .j2.5

Figure 2-33. Wind Speed and Direction Sensor Pictorial View
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Table 2-2. Wind Speed ane Direction Sensor Prototype-Static Loading Tests

V xat 50 Kts = 2.68V 2 5 0 AV

AV at 50 Kts = 2. 63V x =IV + yV V-S 65
y

V = 2. 473 V = 2. 454 -1Tan- A yox oy =Ta AV

TEST at 15 Kts x

0 V V AV AV AV 0' Vx y x y

900 2.499 2.703 0. 026 0. 349 0.25 84 15. 3

120;" 2.352 2.684 -0.121 0.230 0.26 1180 15.7

1500 2.282 2.611 -0.191 0.157 0.248 1410 15.3

1800 2.241 2. 477 -0. 232 0. 023 0.234 1740 15.1

2106 2.256 2.341 -0.217 -0.113 0.244 208° 15.2

2400 2.317 2.223 -0. 156 -0.221 0.270 2350 16.0

2700 2.434 2. 180 -0. 039 -0. 274 0.277 2620 16.2

3000 2. 572 2. 225 0. 099 -0. 229 0. 250 293' 15, 3

3300 2.637 2.299 0. 164 -0. 155 0.226 3130 14.6

3600 2.739 2.439 0. 266 -0. 015 0.266 3570 15,8

300 2.712 2.561 0.239 0.107 0.262 240 15.7

600 2.626 2.662 0.153 0.208 0. 262 540 15.7
90g 2.507 2.689 0.034 0.235 0.237 820 15.0

Final Values

X =2.48 Y = 2. 57o 0

AV at 50 Kts = 2.48 Volts AV at 50 Kts = 2. 53 Voltsx y

R = 1 8 0 kl, 6 8 0 k R = 18 0 k11 6 2 0 k
g g

R =390k 430k R = 3 9 0 kl 3 30 k
0 0
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Development of a special thermistor which meets the accuracy requirements

over the -50*F to +I 30°F range was not undertaken.

A YSI type 44203 compensated thermistor bead was used as the

initial temperature sensing device. The dynamic range of this thermistor

is -20°F to +120°F, (Figure 2-36) slightly less than that required for the final

model.

The differential output of the thermistor over the temperature

range is approximately 640 millivolts/volt excitation. The load on the

thermistor network must be around the one -megohm region to maintain the

specified accuracy. The preceding two factors dictate the available current

value to tenths of a ýL amp. The amplification stages are required to be very

stable at these low currents over the full temperature range, increasing

the cost of the signal conditioner.

The prototype submitted is a compromise of cost versus

accuracy for the thermistor bead used. If a more suitable thermistor can

be found providing additional advantages in cost and/or accuracy, then it

can replace the type currently utilized.

2. 3.4 RELATIVE HUMIDITY

The relative humidity sensor was breadboarded using a variable

resistance humidity sensor. The logarithmic nature of the output with

humidity and the high temperature coefficient presented design problems in

meeting the accuracy requirements.

Further testing indicated that the polarization of the relative

humidity sensor was negligible at the duty cycles encountered in the AMQ-27.

This allowed the use of dc biasing and simplified the non-linearity ar ' drift

correction problems.
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A successful basic design for relative humidity (R. H. ) has been

achieved. The accompanying graph (Figure 2-37) shows the linearity using a

simulated R. H. sensor (a custom-made decade box) at a constant temperature.

Experimentation indicated that the PCRC-55 R. H. sensor can be

used with dc power reducing the circuit cost significantly because of the low

duty cycle proposed. Initial tests indicated that, by feeding the temperature

channel output into the R. H. channel, successful temperature compensation

can be effected.

2. 3. 5 PRECIPITATION SENSOR

No changes were made in the precipitation sensor approach, where

a rain intensity type of sensor was used to provide a qualitative measurement

of liquid precipitation.

The precipitation sensor design and prototype construction was

completed. The rainfall measurement is subjective, consisting of counting

the number of raindrop "hits" on a barium titanate crystal. A charge, pro-

portional to the number of drops hitting the crystal, is stored in an E-cell

and read out on demand. Details of the timing were resolved.

The accompanying block diagram Figure 2-38 portrays the basic

operation of the precipitation sensor. For this application, a subjective

measurement of rain is all that is required, enabling the utilization of

relatively low cost components.

Referring to the b'lock diagram, rain drops hitting the sensing

element generate voltage pulses which are amplified and rectified by the

first operational amplifier stage. The resulting unidirectional pulses are

now integrated by the second stage and fed via a voltage controlled current

generator into an *E-cell. where information is stored accumulatively.

-An E-cenl is an electro-chemrcaM device which stores a current/time integral

by physical transference of silver from one electrode surface to another.
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Figure 2-37. ,Relative Humidity Linearity Curve
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After a known time interval, a command signal arrives revers-

ing the direction of silver flow in the E-cell and starting a 10-second ramp

voltage generator. When all the silver has been transferred back to its

original electrode, the impedance of the E-cell rises sharply, activating a

transistor switch which clamps the rising ramp voltage to the instantaneous

value.

The voltage level now stored is a measure of the rain which fell

in the previous time interval. As soon as the information has been read,

the circuit is reset to begin the cycle over again.

2. 3.6 BAROMETRIC PRESSURE

Atmospheric pressure was measured by a metal membrane ele-

ment. Several models of existing transducers including strain-gage bridge

and variable resistance types were evaluated for system suitability. Two

of these transducers were prototypes developed for this program. One

barometric pressure transducer, constructed to commercial specifications,

was received enabling design and testing of the associated signal conditioners

(Figure.2-39). On the basis of this evaluation, a lightweight, rugged version

of this transducer developed by Computer Instruments Corporation was

selected for the prototype package. This transducer is a potentiometer

type and produces a high level signal which can be buffered and sent directly

to the transmitter.

The Computer Instruments Corporation (C. I. C. ) pressure trans-

ducer type 2000 was chosen by careful consideration of total cost, accuracy,

packaging, weight, size, environmental ruggedness, and the reputation of

the manufacturer in the field of pressure measurement.

The transducer functions by utilizing the movement of a pressure

sensitive capsule to vary the slider arm of a thin film potentiometer, re-

quiring a minimum of signal conditioning. The accompanying graph displays

the linearity of the device (Figure 2,-40).
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2.3.7 NORTH SENSOR

A north sensor suitable for use in the meteorological package

appeared to be the most challenging requirement. It appeared that the

practical approach was to use a Hall-effect device to sense the earth's mag-

netic field. Basic sensors have been used for this type of measurement and

were readily available; however, special design techniques were required

for use in this system. A tentative design allowed the use of relative rather

than absolute values and facilitated implementation.

One candidate north sensor subsystem was breadboarded

(Figures 2-41 thru 2-44). This sensor met the accuracy requirements but

required a long warmup time. Other techniques were pursued and :nother

configuration was selected.

This second north sensor configuration was breadboarded and

tested. This second design was found to be inferior to the previous design

in terms of accuracy and complexity. Steps were successfully taken to im-

prove the warm-up time of the first design. Stabilizing the accuracy over the

temperature range remained the only problem area. Preliminary tests showed

that an accuracy of +5° could be anticipated.

The north sensor consists of a liquid-€tilled compass and two

orthogonal Hall-effe.t position sensors. The Hall-effect devices respond to

the sine and cosine of the angle between the north pointing compass magnet

and the north sensor reference position. The data -.s transmitted as two

orthogonal components and is, therefore, compatible with the wind speed/

direction data readout.
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SECTION IfI

TEST RESULTS

3.0 This section of the report covers the results of the vehicle flighl.

tests and the communication tests.

3. 1 VEHICLE FLIGHT TESTS

3.1. 1 PRELIMINARY TEST FLIGHTS

With all the parts fabricated, the first flight vehicle was assembled

and tested. A Cessna 172 airplane was chosen as the carrier. A 7- inch

diameter tube, 6-feet long, was used as a housing and release tube for the

vehicle. The aircraft installation is shown in Figures 3-1 and 3-2. This

vehicle was only instrumented with two accelerometers for recording the

impact shock.

The deployment vehicle was released from the plane (air speed

60 mph) at 750 feet with the plane headed into a 15-mph wind. The release

tube worked ideally and the vehicle cleared the plane and started to tumble,

but quickly righted itself to a 30-degree ir.clination as the main blades caught

the air and started rotating. The vehicle fell in a wobbly spiral flight pattern

and, as a result, the vehicle impacted the ground at an angle 30 degrees off

the vertical and bounced. Also, during the flight, the upper stabilizing blades

did not seem to be rotating very fast. Both sets of rotor blades, the main body

and one rotating hub were damaged upon impact with the ground.

The following data was collected during flight and impact:

a. Flight time -10 seconds.

b. Target accuracy - within a 200-foot diameter of target center.
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c. Ejection tube method worked extremely well.

d. Impact shock value -ZOO G's.

Movies of the flight were thoroughly reviewed and several problem

areas were uncovered: (1) the upper set of blades did not appear to be rotating

at the proper speed; (2) the vehicle exhibited a distinct wobble during the flight;

and (3) the vehicle did not appear to stabilize.

Otherwise, the vehicle as a whole worked quite well with the main

problem area being the spiralling flight path of the vehicle during the first flight

test. The analysis pointed out tt'at the deployment vehicle was wobbling about the

main drag blades (center of buoyancy) in a spiralling path. This was due to the

gyroscopic effect caused by the two sets of rotating blades. Each set of blades

has a moment of inertia (I) and a spin rate (w). When these are combined, an

angular moment of inertia (Iw) is obtained. To evaluate this designthe follow-

ing terms were used: L s, Ms , Is and Ws are the length, mass, moment of

inertia and spin rate of the stabilizing blades and Ld' Md$ Id and Wd are the

same for the drag blades. In this design, L = 2 L and Ms = 2 M and W =
s d s d s

2 W d To achieve a vertical flight path and eliminate the gyroscopic effects,

the angular moments of inertia of each set of blades have to equal zero, thus

i W + I W 0. Rearranging the equation to obtain the spin rate ratio

W I
s d

Wd Is

and then substituting the values of moment of inertia into it from the equation

I= 1/2 ML 2

we obtain 2
W 1/3 Md

Wd 1/3 Ms L
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and sim plifying

Ws Md (L ) 2

Wd M L
d

For the present design to have zero gyro effects, the ratio of the spin rates

s hould be

Wd d

In actuality, the spin rate ratio which occurred was:

w
s = 2

Wd

and this is why the gyro effect was present and the vehicle had a wobbling

spiralling flight path. To correct this condition, the lengths and masses of

the blades were changed from a 1 to 2 ratio to a 2 to 3 ratio, thus,

L 2/3 Ld andM =2/3 Md

Using this new relationship and solving for spin rate ra t io

W 2/3 M d(2/3 Ld )2

Wd M Ld s

and simplifying

W 2
3/2 (3/2) = 3.4

Wd
W

If the actual spin rate W is held at 2, the gyro effects can be reduced
d

4/8 x 100 = 60% by changing the blade proportions as stated. However,

optimum conditions can be achieved by changing the pitch of the drag blades

to decrease their angular velocity and by changing the pitch of the stabilizing

blades to increase their angular velocity. The goal to be achieved for the

spin rate ratio s is 3. This information was utilized and new blades were
Wd
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designed. A small scale wind machine was devised and, by using a strobe

light, the actual spin rate ratio was found to be 3.

As a result, the vehicle was completely rebuilt with the following

modifications:

(1) The teflon journal bearings in both sets of rotor blades were

changed to ball bearings.

(2) Both sets of blades were moved closer to the top of the vehicle

a -d a weight added to the bottom to lower the cente2r of gravity

of the vehicle.

(3) The pitch angle of the stabilizing blades was decreased in order

to increase their rotational speed.

With these changes incorporated, a second flight test was conducted. The

vehicle was successfully released from the tube in the airplane, but one of the

lower drag blades opened in the reverse direction and locked the lower drag

blades in a non-rotating position. The vehicle crashed to the ground and fractured

the main body tube. These blades were reworked so that they could only open

in the forward position and the main body tube was replaced.

Flight testing of the rebuilt vehicle, again instrumented only with

accelerometers, wa-; conducted during the first part of August, 1968. The

main purpose of this testing was to test the vehicle's flight characteristics and

its landing capabilities in the hardened ground of the test site. Since the last

series of flight tests, very little rain had fallen and, as a consequence, the

ground had become very dry and hard.

On 5 August 1968, three vehicles werv flight tested and all of them

failed to remrain vertical after impact. The 12-inch long impact spear was not

able to penetrate the hardened ground deep enough to hold the vehicle vertical.

In addition, there were fairly high winds (20 to 30 knots) at the surface that

gave the vehicle a horizontal motion in its fall to earth.
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3.1.2 IMPACT SPEAR TEST AND REDESIGN

The problem of the hardened earth and horizontal movement of the

vehicle due to surface winds was analyzed and a new spear was designed and

fabricated. The new spear was manufactured from a 1/2 inch diameter heat-

treated rod, 24 inches long.

During the next series of flight tests, these vehicles were equipped

with the new impact spear. Upon impact,the spear penetrated to a depth of

20 inches, but the vehicles did not remain vertical. The spears were not strong

enough to withstand the horizontal load produced by the surface winds on the

vehicle and, therefore, they bent causing the vehicle to tilt at a 45-degree angle.

This problem was again analyzed and this time a spear 1-inch in

diameter, 24 inches long and heat treated to a tensile stress of 300, 000 pounds

per square inch, was fabricated.

This new spear was successfully tested during two flight tests. These

tests were conducted from altitudes of 750 feet and 1200 feet. In both cases,

the spear penetrated the ground to a depth of 18 to 20 inches and the vehicle

remained vertical with respect to ground after impact. A third test was made

with the same spear attached to a vehicle 18 inches longer and 10 pounds heavier

than the previously tested vehicles. The vehicle remained vertical during its

descent but, upon impact, broke the spear into three pieces and fell over on

its side. This spear was later analyzed and found to be improperly stress

relieved during its heat treating process.

The larger and heavier vehicle was designed and tested since this

was the size of the vehicle required to package all of the systems' electronics

and power package.

3. 1. 3 SYSTEM DEMONSTRATION TESTS

At this point in the time schedule, the system was demonstrated to

the Air Force. Although a fully implemented AMQ-27 vehicle was not air-dropped,
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the system was successfully demonstrated. Two dummy loaded vehicles

were successfully flight tested for the demonstration. The electronics and

sensors were demonstrated as a system and the data transmitted to the central

station and recorded on a strip recorder.

3.1.4 MODIFIED VEHICLE TESTS

Another flight Lest series was scheduled for the middle of November

but,due to wet weather,it was postponed until late in the month. The test

vehicles were installed in the Cessna 172 as depicted previously. The deploy-

ment vehicle was released at 1500 feet with the plane slowed to 60 mph and

flying into a 25-mph wind. The vehicle fell from the plane and did a complete

flip, but quickly righted itself to a 15-degree inclination as the main blades

caught the air and started rotating. A spiralling flight path was achieved by

the vehicle wobbling at approximately 15 degrees about it center line. Upon

impact,the vehicle penetrated the ground to a depth of three feet. This depth

of penetration was due to the extremely muddy ground in the impact area.

Impacting the soft ground at this 15-degree angle allowed the vehicle to tip

considerably (the ground could not support the vehicle) and resulted in the main

rotor blades hitting the ground, damaging both themselves and the main body.

The following information was collected during flight and impact:

a. Flight time -19 seconds.

b. Target accuracy - within a Z00-foot diameter of target center.

c. Ejection tube method worked extremely well.

d. Impact shock value -50 G's.

All of the modifications to the vehicle recommended as a result

of the previous flights were incorporated into this flight vehicle. These changes

increased the flight stability of the vehicle and, therefore, the vehicle stuck into

the ground. The problem of the 15-degree wobble was analyzed and the resuils

incorporated in future flight test models.
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3.1.5' TERRAIN EFFECTS ON VEHICLE IMPACT

During this phase of the program, four AN/AMQ-27 vehicles were

fabricated, instruxmented with accelerometers to measure impact landing, and

air dropped. Twenty drop tests were made from aircraft operating between

750 and 1000 feet in altitude over terrain that exhibited different soil character-

istics.

The flight test program was initiated with the successful deployment

of five vehicles. Four of the vehicles were dropped from an altitude of 1000

feet with the plane slowed to 60 mph. The vehicles were loaded into the plane

with the spear pointing towards the sky (this is upside down compared with

previous vehicle deployment) so that the sensor end of the vehicle would exit

first from the deployment tube. This method of deployment eliminated the

complete flip of the vehicle (observed on previous tests) as the blades caught the

air. The vehicle emerged from the tube, the blades caught the air and a

verticle flight path was achieved on its flight towards the ground. Each vehicle

impacted the earth at approximately 45 mph and developed about 65 G's of

impact shock. The depth of penetration into the earth was approximately 36

inches and the vehicle remained verticle to within 5 to 10 degrees of a plane

normal to the ground. The soil was saturated with water and, thereforequite

muddy bit held the impacted vehicles very well. In fact, the vehicles had to

be dug out with t shovel.

The last flight vehicle was loaded into the plane in the same manner

and was deployed from an altitude of 1000 feet with the plane flying at 125

mph. The vehicle emerged from the deployment tube but, as the blades

caught the air, the blades deformed to a permanent set of W0° above a hori-

zontal plane. This blade deformation did not affect th, vehicle's flight path,

as a verticle flight path was achieved. The vehicle drifted from the target

area and landed on a rock covered hill. It penetrated the rocky ground tot a

depth of 6 inches and remained vc:.ticle to within ; to 10 l,,grecs (,f a plane

normal to the ground. This penetration was not sufficient to withstand a
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50 mph wind because the vehicle was easily removed. This particular

vehicle impacted the earth at 38 mph with a loading value of 65-70 G's.

The first four vehicles proved that the vehicle design was functional

in this type of terrain. The flight path was proper and stability was achieved

at impact with a respectable impact shock load. The last flight was e'xperi-

mental to test the present vehicle's aerodynamic characterist-, s in a more

severe environment. The additional wind loading induced into the blades at

this greater deployment speed was enough to fracture the blades in the root

section. This information will be utilized in the study part of this program

to evaluate the present blade root section and suggest improvements in its

design.

The rainy weather during February made it impossible to conduct

any flight tests. An effort was made to find ditierent test sites so that

testing may begin during the month of March. The five test vehicles were

assembled and ready for the flight testing program.

The weather cleared in March and the flight testing program resumed.

The test site chosen for this series of tests was a rocky hill covered with brush

and cactus. A total of six vehic]es were assembled for this flight test. Five

of the vehicles were loaded into the plane with the spike pointing up and released

from an altitude of 1000 feet with the plane slowed to 60 mph. All of the

vehicles quickly stabilized after being released from the deployment tube and

achiieved a vertical flight path as they fell to earth. Three of the vehicles hit

rocks with such force upon impact (150-200 G's) that the main body tube buckded

and sheared in half about a foot above the impact spear. One of the other vehicles

impacted the eaz.th at 200 G's and the spear penetrated to a depth of 24 inches.

The vehicle remained intact and in an upright position. The other vehicle

impacted at 85 G's and penetrated to a depth of 12 inches. It also remained

intact and vertical to the ground. Ground winds of 20 to 30 mph were blowing

during the above tests.
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The results of these flight tests indicated a high vehicle mortality

rate can be expected if the drop area is rocky. The vehicle's impact spear

cannot successfully penetrate rocks and, as a result, the achieved energy is

dissipated in shearing the body tube. The vehicles that remained intact and

achieved penetration had received high impact shock loads. These shock loads

will have to be isolated from the vehicle's payload (sen'ors and electronics).

by using the proper materials for shock isolation when these items are

ultimately packaged into the flight vehicle.

The last flight test was conducted with a modified vehicle. The upper

stabilizing blades were shortened approximately 6 inches so that, in a folded

position, the blades did not extend over the lower drag blades. The vehicle

was loaded into the plane in the same way as the other five. The vehicle was

rclcased from the plane at an altitude of 2000 feet with the plane slowed to

60 mph. The vehicle quickly stabilized and achieved a vertical flight path as it

fell to the ground. The drop area was composed of fair]y hard ground but

the -pear penetrated to a depth of 36 inches holding the vehicle in an upright

position. The impact loading was approximately 65 G's This test indicated that

the upper stabilizing blades could be shortened without affecting the vehicle's

flight path and impact stability.

3. 1.6 INSTRUMENTED VEHICLE DEMONSTRATION

Prior to the demonstration, the AMQ-27 electronics and sensor

packages were checked out. Except for the humidity and precipitation channels,

which had been damaged prior to the demonstration flights of last August,

all the sensor and RF subsystems were operational. A final calibration of the

receiver was also performed. Unfortunately, during final intcgration of the

sensor and electronics packages with the vehicle, excessive voltage was applied

to the receiver thereby damaging it. The system packaged into the flight

vehicle was ready for the drop test.
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The flight testing of the vehicles was conducted at the Moorpark

test site. A Cessna 172 was the deploying aircraft flying at an altitude of

1000 feet and slowed to 60 mph prior to releasing the vehicles. Four

vehicles were assembled for this test; two dummy vehicles, one with the

self-extendible antenna only and, finally, the fully instrumented vehicle.

Thb first vehicle quic:k]y stabilized after beiiig released from the

deployment tube and achieved a vertical path as it fell to earth. It missed the

target area by some 300 feet and landed 3 feet from the edge of the road. It

impacted to a depth of .6 inches in the sandy soil and remained vertical.

The second vehicle duplicated the flight of the first one. It also

missed the target area by sonic 250 feet and landed in a rocky hillside splitting

a rock and penetrating to a depth of 20 inches. The vehicle remained vertical

after impact but the self-deployable antenna buckled and collapsed due to the

large translation forces it received when the vehicle impacted the ground.

This can be corrected by designing a delayed release mechanism for the

antenna. The third vehicle was a repeat of the previous vehicle's flight

characteristics. It landed within 45 feet of the target zone, penetrated to a

depth of 24 inches and remained vertical.

The fourth vehicle was the fully irstrumented version and it seemed

to take a little longer to stabilize into a vertical flight path. It landed within

150 feet of the target, penetrated to a depth of 24 inches and remained verti-

cal. The horizontal acceleration forces experienced by the vehicle during

its impact were much greater than anticipated. The vertical deitceleration of

65 G's was within the design spCcification. Consequently, the large horizontal

forces caused a mechanical f:ilure of the upper part of the sensor packagc.

This destroyed the temperature, wind speed and direction sensors as well as

the inoperative humidity and precipitation transducers. Also, the antenna was

damaged in the same way as the one tested earlier.
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The vehicle was brought back to Packard Bell to check out the sensor

and RF electronics. Within the vehicle, the compass broke loose from its

mounting and severed some of its Wires. The remaining electronic modules

within the vehicle suffered no damage from the drop. These were checked out

and found to be functional along with the RF electronics.

3. 1. 7 DESERT TEST RESULTS

Arrangements were made to conduct vehicle flight tests in a dry

lake bed at El Mirage, California, in the latter part of June. This site tested

the vehicle's capability of landing and remaining erect in sand. The flight

vehicles were assembled and two of these vehicles contained the delayed antenna

release mechanism mounted on them.

On the day the tests were to be conducted, ground winds were blowing

betx c,,n 40 and 60 mph, (i.e. sand storm conditions). The ground crew met

the airplane a-1 directed the pilot to land the plane on the dry lake bed near

the test site. The wind was still blowing while the airplane was being loaded

for the first flight test. The plane was airborne in less than 100 feet and

climnbed to an altitude of 1, 000 feet to release the first flight vehicle. (This

vehicht was instrumented.) The flight vehicle was released, caught the air

and quickly righted itself for a vertical flight path to the ground. From 1,000

to 500 feet, the flight vehicle fell with very little horizontal movement, while

from :,00 feet to impact, the flight vehicle increased its horizontal movement

tremendously. The vehicle hit the ground at an angle of 15 degrees off a

vertical plane normal to the ground. The vehicle's inmpact force broke the

spear and sheared the main body tube into two pieces. It was estimated that:

the horizontal speed of the vwuhicle was 40-50 mph at impact. Another flight

vwhicle was loaded into the plane and, when releasd, experienced the same

conditions as the one in the previous flight test. Further testing was halted

to s,, if the wind v.o,-ld stop blowing and, therefore, pr,,vc t conditions more

favorable to flight testing. Since the wind was still blowiniý tfter t considerable

period, the remaining flight tests were cancelled.
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3.1 . 8 ANTENNA DEPLOYMENT TEST

The flight testing was conducted on the 15 July 1969 at the Moorpark

test site. A Cessna 172 was the deploying aircraft flying at an altitude of

1000 feet and slowed to 60 mph prior to releasing the vehicles. Three

vehicles were assembled for this test, one dummy vehicle and the other

two had the antennas with the delayed release mechanisms mounted on them.

It was a clear day with a 5-10 mph ground wind.

The first vehicle (without an antenna) quickly stabilized after being

released from the deployment tube and achieved a vertical path as it fell to

earth. It hit a rock and the main body tube sheared into two pieces.

The second and third vehicles (equipped with antennas) duplicated

the flight of the first one. They both hit close to the target area and pene-

trated to a depth of 24 plus inches. The antenna devices survived the 85 G

impact landing and released the antennas after a 60-second delay. The

cassettes hung up in their release cycles but a slight tap started it again.

The stem part of the antennas had been used many times previously and

had developed kinks in certain areas thereby causing the cassettes to hang

up on them during their release cycles.

3.2 COMMUNICATIONS SYSTEM TESTS

3.2.1 SYSTEM RANGE TESTING

The following parameters for the AMQ-27 unit to base station RF

link were important factors in determining the validity of the design para-

meters; namely,

a. Signal strength vs distance

b. Ambient noise level

c. Signal to noise level

d. Geographic effects on signal strength
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The terrain profile graphs presented here aided in showing the

topography of the transmission paths for different locations of the range

testing program. The charts clearly indicated the direction of the horizontal

azimuth for each location with respect to the base station.

In Figure 3-3 it can be seen that the transmission path was ob-

structed by a peak 700 feet high with respect to the AMQ-27 unit located in

Sherman Oaks. This at first, it seemed, might not present any problem,

assuming that knife edging would force the signal downward. Knife edging

probably did occur, however, since the base station was located in a valley

and the signal overshot the last mile or so. What signal was left was consumed

in the shadow loss. The beam antenna was pointed directly at the AMQ-27

unit at that time. Scanning the horizon with the antenna, the signal was then

picked up on an azimuth almost due north. After an analysis of a terrain

map, it was concluded that the signal was bounced back from a mountain

peal, of about 8, 000 feet elevation,40 miles north from where the AMQ-27

unit was located.

In Figure 3-4 there was almost a line of sight transmission path.

In this case, there was no problem in detecting the signal when the antenna

was pointed directly at the AMQ-27 unit located in Northridge.

Test number 3 from test area number III (Figure 3-5) was made

to ascertain the validity of space wave propagxition when the curvature of

the earth is neglected for this distance. The signal strength should be in-

versely proportional to the distance. There were other losses however,

but the signal strength was still compatible to the receiver sensitivity

requirements.

3.2Z. 2 FUNCTIONAL TESTING

The RF system was tested at close range, with the tests showing

that the unit responds to interrog7,tion commands. Figure i-t shows the

base station discriminator output. The first part shows the presenc't, (f
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noise prior to an interrogate command. During an interrogate command,

the base station receiver power was turned off making the output of the sub-

carrier disc riminator go to some negative value due to lack of signal. When

the interrogate command period was over, the receiver power was then

turned 'ack on receiving the data, indicating that the AMQ-27 unit had

received an interrogate command and had responded with data. At the end

of the data period, there was no longer quieting and the receiver again saw

the narrow-band noise until the next interrogate command had been received.

3.2.3 RANGE TESTS

The range testing program was successful in proving the system

sensitivity :equirements under worst case conditions, i. e., that the conductiv-

ity of the ground 4n this area was very poor. Also the topography of tht.

terrain which was selected for the testing was worse than would normally

be expected. An aeronautical navigation map was used to select the test

range, This type of map was ideally suited for selecting topographical test

sites because of the great detail given to terrain elevations, thus allowing

one to draw good terrain profiles for a range testing program.

Figure 3-7 shows the locations which were selected fcr the range

tests. The terrain profiles shown in Figures 3-8 through 3-12 with respect

to the base station show the transmission path profile again with respect to

the line of sight pathi. The signal strengths indicated show that, for a closer

range with less peaks, the signal was somewhat weaker. However, the signal

could not be picked up except by aiming the base station antenna directly at

the AMQ-27 unit. Knife edging and shadow loss and the earth propagation losses

contributed to the weaker signal. The other locations which were further

away were not necessarily that much better. In order to pick up the signal,

the base station antenna had to be pointing directly at the AMQ-27 unit. The

signal in this case was extremely weak. Turning the antenna away from the

AMQ-27 unit, the signal was then picked up in the direction of one of the higher

peaks surrounding the location of the AMQ-27 unit. This indicated that the
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bounce from the higher peaks effectively cleared the terrain in front of

the AMQ-27 unit. The signal obtained sufficient surface clearance when the

free space loss became a fraction of the surface loss. The free-space

loss is given by the expression

6 33 + 20 log 0 f + ZO log 0 d

where:

f frequency in MHz

d = distance in miles

and surface loss, or earth loss is then:

6 = 144 - 20 log] 0 hl, hZ + 40 log

where:

hi = antenna heights, ft.

d = distance in miles

The formula for earth plane loss includes the term 40 log1 0 d,

which increases the attenuation vs distance twice as fast as the free-space •

case. This proves that the free-space loss between antennas is controlling,

as long as the 0. 6 Fresnel zone clearance from obstructions is maintained

around the line of sight path. The amount of clearance required in Figure

3-13 is given by the formula:

D1 D2H 1.316 Vfi_1

where:

H = clearance height

f = frequency in MHz

D1,,D = distance in miles
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F'.gure 3-13. Free Space Transmission

This information indicates that the geographical location of a base

station is pretty well defined in terms of tactical deployment of AMQ-27 units

with respect to a base station. Additional tests were made at the dernonstra-

tion site and these are shown in terrain profile chart, Figure 3-14.

3.2.4 SUBSYSTEM CALIBRATION

The data shown in the following curves were taken with an RF link

to determine the accuracy of the input modulating voltage to the FM trans-

mitter in the AMQ-27 unit.vs the discriminator output at the base station.

Figure 3-15 shows the input to the subcarrier oscillator (SCO) vs discriminator

output. Figure 3-16 shows the SCO dc input vs output frequency characteristics

of the SCO in the AMQ-27 unit. The average accuracy of the discrimination

output is 0. 2% or best straight line.

3.3 SENSOR TESTS

All sensor signal conditioner prototypes have been fabricated and

tested. The prototype modules have all been potted in foam potting compound.

The sensor head assembly and drag cylinder have been shock tested

to 75 G'a. Some reinforcement of the drag cylinder was required after earlier

tests showed cracks in the polystyrene foam webbing. The present design

withstood a 75 G vertical impact landing load. All sensors and signal condi-

tioners were integrated with the multiplexer and transmitter subsystems.
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3.4 FINAL TESTS

The following tests were accomplished:

a. AMQ - 27 communications system integration and test.

b. Total communications system integration and test.

c- Demonstration of RF command link and data link.

System integration and test of the AMQ-27 included the items

indicated in Figure 3-17. The data input lines were simulated DC input

levels corresponding to actual levels coming from all of the signal Conditioners.

Tne system was thun calibrated and rechecked priodically to dett reiinm stability

of the system.

Antenna

Decoder ReevrCo ax
Switch

Multiplexer Trans-

Power mitter Trans-
Switch Mod. mitter

Data
System Power Line

Figure 3-17. System Block Diagram

Figure 3-18 indicates a typical test configuration and measured

parameters for an AMQ-27 to base station operation. Figure 3-19 shows the

various locations and terrain profile where successful sy:Aerm operation was

demonstrated.
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4.0- - - - - - - - - -4. ~

2,Data subcarrier disc. output.-

Chart Speed 5 mm/sec.

0. 5 V/Division Amplitudes 5. OV full scale

Transmission d&stance- 34 miles

Transmission Power Output 50 watts

Antenna- __-- - - - - -1/4 wave whip mounted on

droppable unit

Transmission period -I Sec. "on"h P- 8 Sec. "off"

Noise... ------------ ... Receiver disc. output,
-7 dbm into 600JL

Sig. tonoise....-------------~8db

Base Station
Azimuth - - - ---- East (direction of base station

antenna)

34 Miles
Base Station AMQ-27 Unit

Figure 3-18. AMQ-27 Unit to Base Station Field Test Data
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Alamo Mts.

7000

6000- Cuyama

//
/

5000o /

Grapevine

4000-4

Height
in feet

3000J

S~310" Cuyama

1000- //• • 345" Grapevine

, - 270" Santa Barbara

S Santa Barbara

10 20 30 40 50 60

Thousand Miles

Oaks

Figure 3-19. Field Test Site Locations for the AMQ-27
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SECTION IV

AERODYNAMIC STUDI OF THE
DEPLOYMENT VEHICLE CONFIGURATION

4.0 GENERAL

During this phase of the program, a study was performed on the

deployment vehicle aerodynamic configuration. The purpose of this study was

to determine what system design changes would be required to extend its

deployment capabilities to aircraft flying at various altitudes up to 5000 feet

at indicated air speeds between 200 and 300 knots per hour.

4.1 AERODYNAMIC EVALUATION

During the last of five test flights on the AN/AMQ-27( ) vehicle

in January 1969, the unit was ejectei from the aircraft at an indicated airspeed

of 144 knots, and at an altitude of 1000 feet. The unit successfully landed

as predicted but, upon investigation damage to the blades was discovered. It

was evident that this damage, occurring at the spot welds which reinforced

the root section of the blade, was due entirely to the liipstream speed at

deployment from the aircraft.

Ejection of a vehicle from an aircraft was duplicated in the Laboratory

by subjecting the blade to a force parallel to the slipstream application of the

centroid of the pressure area. This test was repeated ten times to the point

where failure similar to that of the flight unit occurred. The worst condition

was chosen and 48 pounds was accepted as the drag force of the blades subjected

to the slipstream.

Use was made of the background data developed by J.S. Brown and

K. E. McKee in their article - "Wind Loads on Antenna Systems" - viz.,

"Air in motion possesses considerable kinetic energy. When an object deflects
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the air from its free stream path, part of this kinetic energy is transferred

into potential energy (i. e., pressure). This pressure acting on the elements

of the system produces the wind loads of interest to the designer. These

loads depend on the wind velocity, the area and shape of the element, and

density of the air. The force acting parallel to the direction of 'low of the

wind is F=ACdq, where F is the drag force, in pounds; A is the projected

area in square feet; Cd is the drag coefficient and q is the pressure in psf."

Using this formula, the coefficient of drag (Cd) for the blade was

calculated from the actual test da .h and the laboratory test data.

2
F = 48 pounds; q = e v /2; v = 125 mph x 5280/3600 = 184 ft/sec

A = 2 x 42/144 sq. ft; at 1000 ft. altitude e = 0. 0744 lb/cu. ft.

e = 0. 0744/32. 2 = 0.00231 sec2 lb/ft4

andC d = F/Aq= 48 x 144x 2/84x .00231 x (184) = 2.1

With this value for Cd# the graph shown in Figure 4-1 was plotted to determine

the force on the blades due to changes in altitude and velocity of the aircraft.

The proposed criteria for this study was concerned with the values

at an altitude of 5000 feet and between 200 and 300 knots. From the graph,

the drag forces experienced by the AMQ-27 unit as it is structured, would be

between 80 and 185 pounds.

The derivation of the coefficient of drag (CD) took under consider-

ation that the unit experienced its maximum stress on the blades the instant

that they were presented to the slipstream of the aircraft. The force value

evolved by experiment and calculations, could be utilized to establish the

proper criteria for calculating the structural integrity of the high speed

launch system.

Working with the present design, we first studied the failure mode

at slow speed launching, and then extrapolated this information to the higher

speeds.
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TUsing forty-eight pounds as tie blade loading at a distance two-

thirds the length of the blade from the pivot, and the resisting force at a

distance two and one half inches from the pivot, the maximum positive

moment developed is

28x48 25.5 x 2. 5M =1,2ý23 in-lb.
max-pos 2.5 28.0

In order to be as close as possible on the basic figures, the actual

cross-section uf the blade at the failure point was used to calculate the

"section modulus

=? R b(sin x Cosx)

3
Ibll (x Zsinx x

1 11 - x + sin x1

21-cos 2x

cos x 0, sin x =x

" X Y cos 2 x -I

'~~ 0 .64 Ru

I =0. 15 R ta1-1 b

3If__1 0.15 Rb3 t
Ill O~5~ 0.235 R 2 t

Y2 0.64 Rb 0 5b

The value of Rb and t were taken from the tubing used to generate the blade

shape.

R b= 3. 125/2 1.56Z5 inches

t = . 065 inch

The stress that occurred on the blade was then calculated with the above

values
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S - 1223 in-lb 32,800 psi
I/y 0. Z35 (3. l25 /Z)2 (.065)

The material used for the blades was aluminum alloy tubing

6061-T6, which has a yield strength of 35,000 psi. Thus, it was mathematically

shown that the blades were marginal for the 125 mph launch, and verified

the extent of the damage evident on the test unit.

Since these studies determined the structural integrity of the

blades, the next step was to determine the requirements for the high-

speed launch.

The stress levels for various section moduli versus the aircraft

speed, up to the required maximum speed of 30G knots (IAS) was next investi-

gated. This information enabled us to determine the blade configuration

required of the existing design.

First, a determinination of the blades section modulus was cal-

culated. The section modulus is dependent upon the altitude and the speed

of launch of the unit. From previous calculations for the coefficient of

drag, (CD), the maximum positive moment for the blades is

MM-p = 25.5F and F C DAq

but

CA = constant = 4. 1 1.224
D 144

and inserting "pressure coefficient", wc now have

MMP= 31.ZV' ( )

In determining the section modulus, I/Y, we will use

M M-P

I/Y

which leaves us with
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31.2v q
V V2

I/Y

Since L-he pressure coefficient ( - ) is dependent on the altitude

and velocity of launch, various velocities from 50 knots to 300 knots (lAS) and

altitudes of 1000 and 5000 feet were used. Using this criteria, a family

of lines was obtained which produced the section modulus for a design value

of stress dependent upon the material used.

With the value of the section modulus known, the thickness (t) of

material required at the stress concentration point from the section modulus

formula for the existing blade was found to be

I.1 /Y2 = 0.575 t.

For convenience, the above formulation was added to the chart

(Figure 4-2) along with the data for the 5000 ft. altitude. To verify the

validity of the charts (Figures 4-2 and 4-3), a Fample blade was made which

incorporated the existing 42-inch long blade with one lamination from the

root 28 inches long, another lamination above that 18 inches long, and a final

lamination 10 inches long. The root area of this blade has a thickness (t)

from the chart of 0. 160 inch plus a safety factor of 1.625 using aluminum,

6061-T6, mith a yield point of 35,000 psi. This blade was labelled "Test

Blade# 1."

Proposed "Test Blade # 2" was constructed of laminated epo:cy

with metal sprayed on the upper and lower surfaces for the electrical ground

plane. This blade was fabricated by Laminair Incorporated, Garden=,

California.
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Test blade #1 was tested by drops on the Barry Drop machine to

equal the conditions of actual drop. In order to duplicate the air pressure

on the blades equal to the slipstrearn pressure, the blades deforr.ned a soft

foam pad when dropped on the Barry shock testing machine.

It was evident, due to the high speed forces on the blades, that a

new and stronger hub area would have to be developed.

Preliminary testing was performed on a test blade using the pre-

viously reported data. The blade was made by laminating four (4) blade

sections together to develop the root thickness to approximately 0. 219 inch.

This value includes a safety factor of 1. 6.

The predicted load on tue blade at 1000 feet altitude and an airspeed

of 300 knots was 185 pounds. To effectively test the blade, we first mounted

it to the Barry Drop Machine carriage (300 pounds), duplicating the stress

areas encountered in actual operation. The blade was then repeatedly dropped

onto an immoveable surface softened with foam material. The major force

of the fallin& blade was restricted to an area 17 inches from the mounting

bolt. Some deformation was evident, but not enough to effect the flyability

of the blade. No material tearing occurred at the critical area between the

fulcrum and the mounting bolt.

The drop test verified that the previous c•.lculations were valid and

could be used in the construction of an air-droppable unit that could be launched

from an aircraft at 300 knots and an altitude between 1000 and 5000 feet.

During the drop test, a different method was used to mount the blade.

Instead of a shaft used to support the launching forces, a bridge was made so

that the shaft would not be the primary structural part. The forces are absorbed

by the bridge through the shaft which can be steel or any other high strength

mate rial.
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For high production low-cost, the hub could be made of an

aluminum extrusion which could be made to include the blade mounting bridge

and also one-half of the bearing surface.

The upper stopping area of the hub, which is now 1I/ inch thick

aluminum, would have to be increased to twice its thickness in order to sus-

tain the in.tantaneous loading of the blade at launch; or the material could be

changed to steel. (The bending stress on the ledge is 33,400 psi with a thick-

ness of 3/16 inch.)

The conclusion drawn from this study indicates that the most

economical and desirable deployment package for the high speed launch

system of the AMQ-27 would be a beefed-up version of the existing vehicle.

The fact that the test blade used in this last exercise was approximately one

pound heavier than the existing blade would indicate that a different material

should be used, such as lamirnated epoxy, as mentioned previously. The

treatment of the hub for a high speed launch would indicate that a different

configuration could be used that would utilize a high production technique

thereby reducing the cost.

All in all, the mechanical package, as now built, seems to have

the inherent ability to be adaptable to a high speed launch.
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

5.1 C ONC LUSIONS

Packard Bell has developed during the past thirty months a functional

breadboard air droppable system which proves the feasibility of the various

system elements, i. e., the design described in thij report has been function-

ally teste-i and meets or exceeds the system parameters.

The sensor package with support electronics is a breadboard system

that proved th- feasibility of the design. The system measured the various

meteorological parameters within the accuracies specified. Although it worked

quite well in the laboratory, it was not built strong enough to survive an airdrop.

The transceiver electronics were built and checked out as a single

frequency system operating in the range of 40 to 42 MHz with the capability of

transmitting over at least 50 miles of range. This system was airdropped and

remained functional. Part of this system was the self-extendible antenna with

the delayed release mechanism. This antenna wa. flight tested and proven to

be functional.

The flight vehicle's capabilities were demonstrated during develop-

ment at altitudes oi 500 to 2000 feet and at deployment speeds of 60 knots.

Increased deployment speeds are practical with a "beefed up" versi"n of thb

present vehicle. The limiting element on altitudes greater than 2000 feet is

the accuracy of the drop zone. Dropping from altitudes lower than 500 feet

does not allow enough tirne for the vehicle to achieve a stabilized flight path

and therefore is not practical.

The AMQ-27 vehicle weighs 17 pounds and carries a payload of

15 pounds. When deployed from 1500 feet with the airplane slowed to 60 knots,
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it takes 15 to 18 seconds to impact the ground. It will penetrate a medium

type of soil 18 to 24 inches and receive an impact shock of 50 to 75 G's.

5.2 RECOMMENDATIONS

Packard Bell suggests the following recommendations for the

continuation of the AMQ-27 Program.

a. Improve vehicle to withstand high speed deployment.

b. Develop sensors and support electronics into a tactical

system.

(1) Update design to present state of the art.

(2) Redesign for reliability and productibility.

c. Improve transceiver equiprnený design.

(1) Update design to present state of the art.

(2) Design for productibility.

(3) I-vestiga'e use G1 integrated circuits.

d. Improve antenna design for reliability.

e. Develop various types of battery packages to meet environ-

mental conditions in deploy-ment areas.

f. Develop dplyr.ent device for cargo type airplanes.

g. Investigate deployment in 50-60 mph wind conditions.

h. Extensive flight testing to develop systems tactical capability.
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Transmitter Power Pack Length 9. 18"

i•eceivei Power Pack Length 2.00"

Sensor Power Pack Length 1.74"

Total Length 12.92"

Transmitter Power Pack Weight 29.4 Oz.

Receiver Power Pack Weight 8.4 Oz.

Sensor Power Pack Weight 9.46 Oz.

Tc~tal Weight 47.26 Oz.

Tabulated Weight of Power Sources
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Battery, Yardney Cell No. HR-1 Average Voltage
@ 3 Ampere Rate 1.44V
Wt. = 29.4

21 Celle Required
"-40. 4 " 1.08--

.330 Terminals1

1.69

2.02

mt

0.54

/

2. 375 ID//

\\

AN!AMQ-27 Unit Barrel Space

Transmitter Power Pack 30.24 Volta
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4+V

Yardney Cell
No. HR-i

Barrel

Transmitte r
Battery

+ -Space
9.18"

/0v

Note:
Battery Center must
be offset for fit + - + -

4 • Transmitter

* : Power Pack

j
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Average Voltage
@ 10 ma hr rate 1.25 volts
Wt. = 8.4 Oz.
6 Cells

Wood -V
,Dowel

Mallory Cell
No. RM12

Barrel

Receiver

Battery

I Space

I T

Receiver Power Pack 7. 5 Volts
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Average Voltage

S@ 175 ma hr rate = 2.25 volts
" ~Wt -- . 43 Oz.

11 Cells for +1OV " Z Total
11 Cells for -10VJ

",' Mallory Cell
No. RM-640

-TI
I I
I I

-10V _ ____

Sensor
SI Battery

I 1.74 Space

T I
I

+10V,

+ 13.?7 V

1- 3 -. 7V
Electrical Hookup

Sensor Power Pack +1OV. -1OV
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Ya~rdney Batteries

20.0 20.

2.0 2.

20.0 20.
FIGURE I FIGUIPE 2 FIGURE 3

29.0 30._______________

1.48 1. (~_
49 46 G \i _______

2.13,_

60.0 60.

26.0 27.

1.42

1' 17

120.0 120.

22.0 23.

1.30 1. FIGUJRE 4 FIGURE 5 FIGURE 6

nil

14.0 i

15.2 13, 
c "

4.23 7.

3.6416.

SI. 16
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SRIMARY MERCURY BATTERY
frECIFICATIONS RM-640 VOLTAGE DISCHARGE CURVES VOLTAGE vs. TIME RESISTANCE VALUES AND EQUIVALENT

"oinal Voltage 1.40 CURRENT DRA:NS AT 125 VOLTS
1.5OHMS MILLIA•MPERES

ýated Capacity 500 mah 1.5 OM 251483 15

lated Capacity at 15 ma 1.4

•iameter .620±.005 in. La 1.3
15.8±.13mm • 1.2

eight .435±.005 in. '
11.1".13 mm -

olume .13 cu in.
I2.13 cc 0on 3n 125n

•/eight .28 oz 0.8
7.94 gms

0 10 20 30 40 50
HOURS OF SERVICE AT 70'F

SPEClFICATIONS RM-!OR VOLTAGE DISCHARGE CURVES VOLTAGE vs. TIME, RESISTANCE VALUES ANrj EGUIVALENT
ýlominal Voltage 1.35 CURRENT DRAINS AT 1.25 VOLTS

OHMS. MILLIAMPERES

hated Capacity 500 mah 1.5 50 25
I1.4 83 15

Rated Capacity at 15 ma 125 O1

Diameter .620t.005 inl. w I1.3
15.8±.13 mm iz

'eight .435t.005 in.
11.1±13 mm 1.0

'Volume .13 cu in.
2.13cc so1 2s5

ýWtight .28 oz 0
S~7.94 Im$ 0 10 20 30 40 50

, HOURS OF SERVICE AT 70F

I1

M.ALLORY IA3TTE-RY COMPANY ' "
a d1iif,, of P .. R.,. NA .TlY & .CO. I NC. p, ., . , ,

S. ~rui&, ny. Ta r't n.t Y~trk. 10l,-fitl T-ihhne,: f11.1..)1.7)CR0 .

9%.w4 tOa VS



Ni ;;12 ;R

ýPRIMAARY MERCURY BATTERY
SPECIFICATIONS RM12. VOLTAGE DISCIIAGE CIJP.VES VOLTAGE vs. T11ME P STANCE VALUE1 AND FOIII1VA~tNT

Nominal Voltage 1.4c CtURRL T DPAINS AT 1.25 VOLTS

1.5 OHM S MILL3IAMPERES
Rated Capacity 3600 rnah 1012

Rae aait t 3 a 1.4 ~.20 62
Rae Cpctya 8 a25 50

t L 3I2 40

Diameter .622t.005 in w 313 --------- -__ 32 4
15.8±t.13 mm 1.

Height 1.953t.015 in.,

Volume .60 cu in.
9.84 cc 0910T1 20 v 32u

weight 1.4 oz 0.
39.6 gins

.0 20 40 60 8o 100
HOURS OF SERVICE AT 70RF

SPECIFICATIONS RM-12R VOLTAGE DISCHARGE CU"VES VOLTAGE ,,iti RESý1AiCE VAWUES AN EOQUiVALENT

Nominal Voltage 1.35 CIURRENT DRAINS AT 1.25 VOLTS

OHMS M'I'LLIAMPERES

Rated Capacity 3600 mah 1.5 
1 M P0 125

2o 150
Rater Capacity at 83 ma 1.4 

20 50

Diameter .622_!.005 in. 1 33 40
15.8t.13mm 1 .2

Height 1.953±.015 in. .

43,6:t.38 mm

volume~ .60 cu ir. 1.0
9.84 cc 0.9 Ios 2Oi 25. n2

Weight 1.4oz 0S
39.6 lms

0 20 40 60 So JOG
1oURS Of SERVICE AT 70-F

MALLORY 3A'(rTELP COMPANY
a d~v~In (if P.MH. M tI.t.011Y &C) INC ~ j

1k f2 0 a st 4



4.

•. , , ,.- . . -. . ,-- - , • " /

ELECTRICAL CHARACTERISTICS "" " " ,,

nominal capacity (ampere-hours) 0.1 0.2 0.5 1.0 1.5 2.0 3.0 4.0 5.0 10.0 15.0

tecommended charging rate (amps) 001 0.02007 0.10 0.15 0.20 030 0.30 0.35 0.75 1.0

TYPICAL APPLICATION DATA (@ 700 F)

A. 60-minute rate discharge

discharge rate (amps) 0.1 0.2 0.5 1.0 1.5 2.0 3.0 4.0 5.0 10.0 15.0

ampere-hour outputt 0.175 0.22 1.3 1.75 2.5 3.3 5.0 6.0 7.5 12.0 18.5

average voltage 1.45 1.48 1.50 1.50 1.50 1.51 1.50 1.50 1.42 1.44 1.48

watt-hours per pound'i 25 23 39 38 43 33 38 39 37 34 44

watt-hours per cubic inch" * 1.3 1.2 2.1 2.2 2.7 1.9 2.6 2.7 2.2 2.1 3.0
elI m i r 3. I

B. 20-minute rate discharge

discharge rote •amps) 0.3 0.6 1.5 3.0 4.5 6.0 9.0 12.0 i1.0 30.0 45.0

ampere-hour output- 0.15 0.21 1.1 1.6 2.0 3.0 4.7 54 S.9 10.5 16.5

average voltage 1.40 1.35 1.45 1.44 1.40 1.46 1.46 1.49 1.36 1.33 1.44

time limit (minutes)** 16' 15' 20' 20' 20" 20' 20' 20' 20' 18' IS'

C. ten-minute rate discharge

discharge rate (amps) 0.6 1.2 3.0 6.0 9.0 12.0 18.0 24.0 30.0 60.0 90.0

ampere-hour output- 0.12 0.17 0,94 1.4 1.5 2.4 4.2 4.8 5.2 8.0 13.0

average voltage 1.32 1.25 1.35 1.35 1.32 1.40 1.37 140 1.26 1.26 1.30

time limit (minutes)"6 5' , ' I, r' 8.' 6' 3' 51

PHYSICAL CHARACTERISTICS

maximum weight filled (ounces) 016 023 08 1.1 14 24 32 3.7 4.6 8.2 10.0

overall volume (cubic inches) 0.19 0.27 0.91 1.18 1,35 2.56 2.90 3.31 4.78 8.26 V.13

overall height (inches) 1.38 1.94 1.56 2.02 2.32 2.53 2.86 3.36 2.91 481 494

height less terminals (inches) 1.20 169 1.20 1.69 1.98 2.16 249 3.0 2.49 4.28 4.22

width (inches) 0.63 063 1.03 108 1.08 1.72 1.72 1.72 708 232 2.31

depth (ir•ches) 0.22 022 054 0.1 054 059 0 59 0 59 079 0.74 0.80

terminal threads 1-72 1-72 !-40 5.40 5*40 103? 10-32 10-32 10-32 4-.1 5 1 S

U t a Ana at .1 for ms;-m€ron d'%,,'. - ;-

Calculoate uisite * uIt time I *•p• icf'd in , i'vects:"i



BATTERY PACK DATA

2-Cell Mallory

Bat'tery #)

Open Ckt Voltage 16. 2V

W/Regulator -15.8V (4.5 ma)

W/Regulator and 50S load -12.8V (200 ma)

Battery # 2

Open Ckt Voltage - 16. 2V

W/Regulator -16.OV (4.5 ma)

W/Regulator and 50JQ load -12.6V (200 ma)
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Voltage Regulator 2N171
SMulti

5. 1K 2K 220K >620 5. 6K

2N1711

Input Output
10-25VDC 1OVDC

200 ma

6.2V 916K

tN753A
Blk 0 ; Blk

Regulation Range

Reg. Output Approx. Input Range

9.5* 0. 1 11.5 - 25
10.0 *0.1 12.0 - 25 @ 26'C
10.5 *0. 1 13.0 - 25

................. ma output current .

Temperature Range

Approx. -40'C 'o 90*C

Current Drain
4. 2 ma @ 16V Input

(10. OV regulated output)

Power Req. for Sensor Package

+10 * 0. 1 DC @ 182. 1 ma intermittent
+10* 0.1 DC @ 12. 2 ma continuous

-10 *•0.1 DC @ 37. 5 ma intermittent
-10 * 0. IDC a 3.2 ma continuouis

Batt. Open Ckt. - 16.2V / 200 ma load - 12.8V
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VOLTAGE REGULATOR TEST DATA

Input Voltage Output Voltage
0 ma load ZO0 ma load

10.0V 9.00 8.40
11. ov 9.55 9.20
12. OV 9.60 9.59

@ 26°C 13. OV 9.60 9.60 Regulated Output
14.OV I 9.60 9.60 9.55V

24. OV P 9.60 9.60
25. OV i 9.50 9.50

Input Voltage A Output Voltage
0 ma load 200 ma load

10. OV ¶ 9.10 8.60
11. V 9.80 9.35
12. V 9.95 9.90

@ Z6°C 13.OV j! 9.98 9.93 Regulated Output
14.OV 9.98 9.95 9.95V

24.OV 't 9.87 9.95
25.OV 1 9.87 9.85

Input Voltage Output Voltage

10.0V 9.00 8.40
11. OV 9.95 9.40
12. OV 10.50 10.10
13.OV 10.60 10.55 Regulated Output
14.OV 10.61 10.60 10.55V

24. OV 10.61 10.60
25. OV 10.55 10.53

Output Meter
Simpson 270 VOM (10V Scale)
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VOLTAGE REGULATOR TEST DATA

Current Drain (No Load)

Input Voltage Input Current

10V i 1.0 ma
liv 1 1.2 ma

12V 1.6 ma
13V 2.3 ma
14V 3.0 ma

@ 26°C 15V 3.8 ma
16V 4.2 ma
17V 4.7 ma
18V 5.5 ma
19V 6.2 ma
20V 6.8ma

Input Voltage vs Regulated Voltage @ 90*C
@ 0 ma and 200 ma load

-I I I i I I ii

INPIYT VOEK7%vv

.... --- " --- --- i i '

Re6uL-,va D OUTPT v t -. 'I .,A -

-, . - -- - - - - - -" - . ... . . . ..- .-i J- - - ...- . .- ... - .k

I.~- -- - -- -- I�.• '"- ................ .. -

-- '- - *9 9 9,"9-" .1 . 9. .I . : :_ ' 't t $ 1
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APPENDIX B

RADIO PROPAGATION CONSIDERATIONS

B1.0 TRANSMISSION

The success of radio communications over ranges in the 50-100 mile

category, when faced with power and antenna restrictions inherent to any

droppable package of size and weight in the area of that applicable to the

AN/AMQ-27 ( ), is not clearly definable by even sophisticated mathematical or

other paper modeling. The success of communications depends upon the diver-

sity of such variables as terrain, weather conditions, soil conductivity, angle

of vehicle penetration, time of day, season of year, sunspot activity, multi-

path and co-channel interference, etc. All of these elements are variables

and cannot be controlled bythe equipment user.

In total context, the predominant factor in successful co.mmunication

is propagation. The selection of operating frequency consequent to fundamental

assumption concerning propagation is probably the single most critical design

decision. As a preliminary step in frequency selection, radio propagation

may be divided into three essentially separate methods as follows-

a. Sky wave (skip)

b. Ground wave

c. Line of sigh•t

In addition, such modes as tropo scatter, meteor burst, Sporadic E,

ducting and Aurora also exist, but the power levels required and reliability

requirement rule out serious consideration of intentional reliance on these

modes.
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Of the three propagation methods which are considered, the sky

wave mode is unsuitable for consideration because of several factors as

follows:

a. The 50-mile range offers insufficient path length for

reliable sky wave.

b. Susceptibility to interference from skip stations hundreds or

perhaps thousands of miles away.

c. Sky wave propagation is contingent upon and affected by

hourly, daily, seasonal and cyclic variations of sunspot

activity causing the optimum frequency to ctiange with the

ionization of the layers at.d,thus, requires a very proficient

operator or a "tsmart" syitem of determining optimum frequency

or both. Also, the multipath interference of the transmitted

signal can cause serious system design limitations.

Sky wave systems are operable but they are not simple, unattended

nor expendable. In essence then, two choices of propagation need to be examined;

a line of sight or VHF droppable station, and a ground wave or LF droppable

station.

B1. I VHF COMMUNICATIONS

Communications in the VHF spectrum utilize frequencies ranging

from 30 MHz to 300 MHz. The lower portion of this range is considered un-

usable for the AMQ-27 due to skip and sky wave occurrences. in general, the

VHF spectrum can be characterized as predominantly a line of site mode at

pow_ýr levels available in the station. It is also characterized by reflections of

the transmitted wave from major topographical features such as mountains, hills,

etc.

In the AN/AMQ-27 communication concept, the VHF frequency pro-

vides communications in three major conditions:
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a. Close-in ground-to-ground conditions.

b. Elevated (line-of-sight) base stations conditions such as

aircraft, satellites, or ridge top ground stations or

repeaters.

c. Reflective conditions which may exist in a given drop area-

to-base station path.

The latter condition cannot be considered as a reliable factor in

the VHF communication since it depends upon the geometry of a given air

drop to surrounding topographical features and the base station.

In considering VHF nower output, an important factor tc remember

is that the conversion of dc power into VHF rf power is highly inefficient.

One hundred watts of input power typically will result in only 20-25 watts of

output. Thus, it is extremely costly in terms of battery weight and size to have

relatively high VHF transmitting power levels. It also becomes important

to minimize average power drain by utilization of short duty-cycle trans-

missions.

In the AMQ-27, the VHF communications link is operable in two

basic conditions (neglecting reflection conditions): a) At short distances where

the curvature of the earth or other significant obstruction does not irtroduce

sharp attenuation of the transmitted signal, and b) At long distances, where

line-of-site conditions prevail. At this point, it is worthwhile to examine

the major factors influencing these two conditions of communication.

Bl. 1. 1 Short Distances

Short distance communication is based upon establishing a reason-

able ground wave. One of the major factors in this regard is Effective

Radiated Power (ERP). Up until the point at which the earth's curvature or a

major obstacle introduces sharp attenuation into the ground wave, an increase

in ERP will provide a resulting increase ir range.
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The results of an experiment conducted by Packard Bell is shown

in Figure B-1. The test conditions are noted in the Figure. Although this

graph is not intended as an absolute or repeatable measurement of VHF per-

formance, it provides insight into the relationship between ERP and range,

which approximates one mile per watt of ERP.

ERP depends upon two factors - the obvious factor of rf power

output and the gain of the antenna. For a non-directive antenna that is usable

with the AMQ-27, a slight loss in ERP over rf power can be anticipated.

Just how far short range transmission with a given ERP can be

expected, assuming a fixed receiver sensitivity, depends upon the absorption

of the radiated power which primarily is caused by two factors - nearby

objects and the ground.

To minimize the effect of nearby objects such as foliage, et,., the

first few feet of antenna height are vital. Thus, in addition to providing a

"clear-view" for sensors, the deployment vehicle height is maximized to reduce

absorption of the radiated signal power.

The second absorption factor is uncontrollable and depends upon

the terrain. Absorption over land is greater than over water; increased

foliage cover provides mnore absorption than over a defoliated area; etc.

In terms of the AMQ-Z7, VHF communications at short range can be

expected in distances of 5-10 miles radius from the deployment vehicle unless

topographically obstructed. This range of radius assumes transmit and receive

antenna heights in the order of six feet.

B. 1.2 Long Distances

The major inhibiting factor for long range transmission is the

curvature of the earth. When the curvature of the earth becomes an ob-

struction between the two stat~ons, the path loss goes up severely, and further
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increases in the distance become very expensive. It is for this reason that

the first few feet of antenna height are relatively more important. The

cumulative effect of absorption of the low angle of radiation by nearby ground

ob~ects plus the requirement for very low effective angles of radiation to

counter the curvature of the earth dictate maximum effort to achieve antenna

height as a p-imary goal.

The nature of the droppable station is such that it is always close to

the ground. To determine the range from a droppable statiorn a discussion of

the effective angle of radiation and the antenna height at both ends is necessary.

In the case of the droppable station, the angle of propagation from the package

is affected by the terrain and topography of the drop zone and the topography

and :onductivity between the droppable station and the base station. In general,

the more energy radiated at the lowest angle, the greater the range. The

choices of antennas in a droppable package are limited by a direct trade-off

between antenna gain and size. The ease of droppability precludes the use

of large antennas.

After the droppable station is dropped into whatever terrain exists

and the radiation angle is determined or assumed, the range capability is

then predominantly determined by the antenna height at the base station.

To develop a "feel" for typical distance, it is necessary to make some

judicious assumptions about radiation angles from the droppable station and

refer to charts such as the one shown in Figure B-2 which predicts range

against antenna height at various radiation angles. As an initial step towards

evaluating range and for the sake of simplicitya choice of two types of

terrain is suggested. One path chosen over water and the other over gently

rolling wooded hills. Next, one makes a judicious estimate of the probable

radiation angles from a droppable station over each of these two terrains.

The examples chusen assume an angle of radiation from the droppable station

of 1/2 degree over Aater and I degree over moderately rolling hills. It
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is emphasized that these angles are representative but not absolute and it is

suggested that other angles also be assumed and typical ranges for them also

be considered with various base stations antenna heights.

The chart indicates quite clearly the desire for a low radiation

angle and also indicates the requirement for height at the base station

(receiving) end to achieve long distance communications. Neglecting fortituous

reflections, it is obvious that the VHF frequency regime for long distance

communications is effectively reserved for what can generally be classed as

air-to-ground communication where the receiving station is elevated, either

by topography or in an airborne vehicle such as a plane, a repeater balloon,

or a satellite.

B1.2 LOW FREQUENCY COMMUNICATIONS

The frequency spectrums from 30 KHz to 300 KHz and 300 KHz to

3 MHz are defined as LF and MF. The propagation characteristics of low

frequency are controlled by the following facts:

a. The ground wave attenuation is considerably less than at the

higher frequencies.

b. The sky wave penetrates the ionosphere only a slight bit and

acts somewhat like a reflecting mirror.

c. The energy absorption in the ionosphere is relatively small

and is less for the lower frequency.

Rapid fading at the lower frequencies is not generally observed.

Any changes in signal strength occur gradually. At a distance, the field

strength is the ,sultant of a ground wave and wave reflection from the iono-

sphere. Depending on the distance and frequency, these two waves may add

or subtract arid their phase relationship will vary with the sason and the

time of day.
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Since sky wave propagation is not always reliable even at the lower

frequencies, only ground wave propagation will be considered. The ground

wave is that part of the totai radiation that is directly affected by the presence

of the earth and its surface features. The ground wave is divided into two

components; a surface wave and a space wave. The space wave is the result

of two components; the direct wave and a grovnd reflected wave. The ground

wave intensity as a function of distance for a giver transmitter power depends

upon the earth conductivity, the frequency and the antenna configuration.

The earth'e conductivity is important. LF communications are substantially

improved in transmitting regions of high conductivity such as water, marsh-

lands, etc.

A characteristic of LF communications is noise. Radio disturbances

from natural causes such as lightning, electrical storms, etc., are designated

variously as static and atmospherics. The effects of such disturbances are

also referred to as noise, although this is usually indicated as "man made"

electrical disturbances, such as electric razors, power lines, etc. Mountains,

desert areas, and the tropics are important sources of static interference.

Storm centers, particularly tropical hurricanes are common causes of static.

Noise at the lower frequencies has a very high intensity, This is in part

because the natural sources of static generate greater intensities at low

frequencies and in part because of the very efficient ground wave propagation.

Noise will be a major inhibiting factor in the use of low frequency and will

result in some periods during which the radio link will not be usable. By

using limited bandwidth communications, noise effects can be markedly

reduced.

Another facet of LF communications is interference. Interference

may be caused by co-channel stations on the same frequency even at some

distance. The interfering station(s) may be received by "sky wave" propa-

gation at certain hours of the day or by "extended" ground wave or other
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phenomenom. Other interference may be adjacent channel stations, usually

nearby With higher power. The only real solution to this type of interference

is a careful selection of clear cnannel frequencies if possible.

A major consideration in LF work is the antenna. Low frequency

antennas are quite large and complex due to the long wave lengths invclved

and the importance of an efficient ground system. However, for moderate

range, it was felt that sufficient ERP cculd be obtained from a loaded short

antenna, such as a base loaded whip, helical whip or possibly a loaded wire

antenna.

The AMQ-27 scheme for LF communications evolves about driving

a necessarily inefficient antenna at high power (at a low duty cycle). To

achieve as much noise immunity as possible, and to center maximized power

in a minimum frequency spectrum, narrow bandwidth is utilized. A "wors:

case" graph is shown in Figure B-3. The graph shows the average noise

level (1 microvolt per meter dotted line) in a 100 Kz bandwidth and a ground

wave curve for an arid geographical location. Propagation of the ground-

wave is poor in arid areas and noise is high in the tropics. The dotted line

above the tropical noise level line rerresents the required received power for

a 30 db signal/noise output. The ground wave curve is based on a transmitter

with 100-w power and an antenna efficiency of 1%. Basically, this "worst

case" graph indicates that good communication can be expected up to about

50 miles and that tropic noise combined with ground wave attenuation present

a grey area in the 50-100 mile range. The performance indicated in the

graph can be improved in three manners: a) increased ERP, b) better (moist)

terrain conditions, c) improved receiver performance through filtering and

signal enhancement techniques.

Increased ERP is not particularly useful in this application.

Although the transformation of dc power into rf power is much more efficient

that at VHF by a factor of about 10:1, the antenna efficiency is worse by a
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factor in the area of 100:1. Therefore, looking at the total picture,

exorbitant amounts of dc power are required to realize even a marginal

increase in ERP. However, as pointed out earlier, the LF ground wave

propagates markedly more efficiently than a VHF ground wave enabling a

small LF ERP to achieve substantial range.
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APPENDIX C

ANTENNA DESIGN STUDIES

• ANTENNA DATA FROM INITIAL INVESTIGATION WITH DIPOLE ANTENNA

Type D'ipole (whip) 1/4 wave

Frequency 51 MHz

Length A _300 - 5.9 metersLegt A4 = 1.75 meters
51 4

L (in inches) = 1.475 x 39.4 = 58 inches

Telescopic
AntennaXmtr Watt and )>

(51 MHz) VSWR Meter

Test No. 1: Optimum Antenna Length

These tests were conducted with the antenna mounted on the AMQ-27

unit and using the rotor blades as the ground plane with the antenna extended

the 58-inch calculated length.

The purpose of this test was to determine actual antenna length.

The method used for all these tests is a simple one. By using a VSWR

meter to measure the referenced power, one can assume that minimum VSWR

indicates that: (1) the impedance of the generator output has been matched

for maximum power transfer and (2) that the antenna length is, in fact, the

proper length to present the characteristic impedance the generator requires.
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Antenna
Length Fwd/Pwr Refl/Pwr

Rotor
1. 58" 5.6 W 1.1 Blades

2. 56" 3.9 W 0.7

3. 53" 4.0 W 0.3

4. E0" 3.5 W 0.05 - " "

5. 44?1 4.8 W 1. 1 Rotors Extended

For minimum VSWR, 50" is the optimum antenna length.

Test No. 2: Effects of Rotor Blades on Antenna Length

This test was conducted to determine the effects the rotor blades

would have on the antenna length if, upon impact, the blades failed to remain

in an extended position. Three conditions could exist: (1) the upper blades

could collapse, (2) the bottom blades could collapse, and (3) both blades

could collapse. All three conditions were tested.

(1) Condition: Upper Rotor Blades Collapsed

Antenna
Length Fwd/Pwr Refl/Pwr

50" 8.0 W 4.0

Test No.1 60" 5.2 W 1.3

50" Ref. 66" 3.6 W 0.1

72' 4.8 W 1.2

66" optimum, approximately 16" greater than original measurement

with both rotors extended.
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(2) Condition: Lower Rotor Blades Collapsed

Antenna
Length Fwd/Pwr Refl/Pwr

50" 8.2 W 5.0

60" 5.3 W 1.5

66' 3.6 W 0.2

72" 5.8 W 1.8

66" optimum, approximately 16" greater than original measurement

with both rotors extended.

(3) Condition: Both Blades Collapsed

Ante: na
Length Fwd/Pwr Refl/Pwr

50" 8.4 W 5.0

66" 5.0 W 1.2

71" 4.2 W 0.8

76" 4.0 W 0.7

86" 5 . 0 W 1.25

76" optimum, 28" greater than original measurement With both

rotors extended.

The preceding tests showed that a large variation exists in the

antenna length when ideal conditions are not met.

With the large number of variables which could exist, it would be

impossible to transmit the same amount of power from unit to unit. Since

there is no guarantee that the conditions in Test No. 2 would not occur, then,

the probability of them occurring will have to be assumed.

To overcome any ambiguity in antenna length due to the rotor blades

being collapsed, a fixed ground plane was tried starting with six 3-foot radials
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spaced 60° from each other and, after extensive testing, reducing the number

of radial to three, and then reducing the length to 18 inches. Tests conducted

for all conditions in Test No. 2 showed that the antenna length centered at

64" and was not effected by the rotor blades under any conditions.

Test No. 3

These tests were conducted to determine the effects the penetration

of the vehicle in the ground would have on VSWR and antenna length. Tests

showed that the vehicle could penetrate the ground to the lower blades without

significantly effecting the VSWR and antenna length.

Test No. 4: Off-Vertical Angle Effects on Signal Strength

Range tests indicated that the antenna can operate without critically

effecting the signal strength as much as 35° off-vertical.
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